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1»0  IMTRODOCTIOM 


The  objectives  of  Invertebrate  studies  established  in  the  Corps  of 
Engineers  Statement  of  Work  (Section  3.4)  were  to: 

1 .  Determine  the  eiqploitation  level  of  the  commercial/recreational 
invertebrate  species  (crab  and  shrimp). 

2.  Characterize  the  occurrence  and  conq^nents  of  the  invertebrate 
benthic  communities  and  their  habitats. 

3.  Identify  those  species  available  as  f infish  food  sources  within 
the  study  area. 

4.  Correlate  the  distribution  of  finfish  food  species  with  habitat 
type  and  with  occurrence  of  varied  finfish  species. 

The  Commenceme.it  Bay  invertebrate  study  has  provided  additional 
information  about  benthic  invertebrate  communities  in  the  vicinity  of 
a  heavily  industrialized  area  of  Puget  Sound.  As  such,  it  has  added  to 
the  existing  data  base  on  benthic  communities  and  provided  a  point  of 
comparison  for  disturbed  versus  undisturbed  habitats. 

Prior  to  1970,  there  had  been  little  quantitative  assessment  of 
intertidal  or  shallow  subtldal  benthos  of  the  marine  waters  of  northwest 
Washington.  However,  a  substantial  body  of  information  had  been  cos^iled 
on  the  taxonomy,  ecology,  and  distribution  patterns  of  benthic  species, 
especially  intertidally.  Shelf ord  et  al.  (1935)  divided  the  entire  San 
Juan  Islands  intertidal  and  subtldal  area  into  large  regions,  or  "blomes." 
These  biomes  were  subdivided  into  "associations*  and  "fasciations"  to 
account  for  local  variations  (e.g. ,  zones).  Rigg  and  Miller  (1949) 
conducted  studies  of  zonation  of  plants  and  animals  near  Heah  Bay, 
Washington.  Stephenson  and  Stephenson  (1961a,  b)  worked  with  zonation  on 
cliffs  and  beaches  near  Manalmo  on  Vancouver  Island  and  fitted  their 
results  into  a  "universal  scheme"  of  intertidal  zonation. 
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Wenneklns  (1959)  conducted  a  seml-quantitatlve  (pipe-dredge)  survey 
euid  catalogued  general  bottom  types  and  nacrofaunal  assemblages  throu^out 
Puget  Sound,  the  San  Juan  Islands,  and  the  Strait  of  Juan  de  Fuca.  His 
closest  sasples  to  Commencement  Bay  were  the  Tacoma  Narrows  whidi 
he  classified  as  a  "depositional  channel."  The  first  siibtidal  benthic 
studies  of  this  period  were  those  of  Lie  (1968,  1974)  and  Lie  and 
Kelly  (1970)  who  analyzed  grab  samples  from  a  large  number  of  stations  in 
Puget  Sound,  the  Strait  of  Juan  de  Fuca,  and  off  the  Washington  coast. 

Their  replicated  sampling  permitted  a  considerable  degree  of  sc^histication 
in  statistical  analysis  of  the  structure  of  the  assemblages,  affinities 
betmen  groups,  and  their  relationship  to  physical  and  chemical  environmental 
factors. 

During  the  19708  and  continuing  into  the  early  1980s,  there  has  been 
a  plethora  of  studies  of  intertidal  and  subtldal  benthic  faunal  assemblages 
in  Puget  Sound  and  the  Strait  of  Juan  de  Fuca.  Many  of  these  studies 
have  been  directed  at  the  collection  of  quantitative  baseline  data  on 
abundance  and  distribution  of  important  species  in  relatively  natural, 
undisturbed  habitats. 

Stratified  randan  sampling  techniques  were  first  applied  in  the 
region  by  Houston  (1973)  in  Intertidal  studies  at  Kiket  Island  (Skagit 
Bay).  Similar  methods  were  adopted  by  the  Washington  Department  of 
Ecology's  (WDOE)  Baseline  Study  Program  (Gardner  1977)  for  intertidal 
and  subtldal  studies  in  the  San  Juan  Islands  (Nyblade  1975,  1977). 
Subsequently  these  techniques  have  been  standardized  and  used  in  the 
Marine  Ecosystems  Analysis  (MESA)  program  in  the  Strait  of  Juan  de  Fuca 
(Nyblade  1978)  and  on  Whidbey  Island  (Weber  1979).  Elements  of  this 
methodology  were  also  employed  by  Houghton  and  Kyte  (1978)  in  subtldal 
studies  in  the  Nlsqually  Reach  of  southern  Puget  Sound  and  by  Pearce  et 
al.  (1976)  in  intertidal  studies  in  the  same  area. 

A  substantially  different  approa<di  to  sampling  of  benthic  ocmmunitles 
was  developed  Iqr  workers  at  the  Fisheries  Research  institute  of  the 
University  of  Washington.  Benthic  organisms  were  subdivided  into  Infaunal 
and  apifaunal  cosqponents  and  a  suction-type  sampling  device  (epibenthle 
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pump)  developed  to  make  quantitative  collections  of  ^Ifaunal  assemblages 
(Miller  et  al.  1977,  Simenstad  and  Kinney  1978)*  This  technique  has  been 
used  to  sample  benthic  assemblages  alon;  the  Strait  of  Juan  de  Fuca 
(Simenstad  et  al.  1980),  Hood  Canal  (Simenstad  and  Kinney  1979),  and 
was  used  In  the  Columbia  River  Estuary  Data  Developerant  Program  (CREDOP) 
by  researchers  from  Dames  &  Moore  and  the  Fisheries  Research  institute. 

Studies  on  the  functional  ecology  of  benthic  communities  are  also 
available.  Mayer  (1973)  studied  predator-pr^  relationships  in  benthic 
communities  in  Skagit  Bay  while  Woodin  (1974)  studied  the  abundance 
patterns  of  polychaetes  in  a  soft-bottom  habitat  in  the  San  Juan  Islands. 

Of  particular  interest  is  the  study  1:^  Michols  (1974)  describing  the 
population  dynamics  of  three  deposit-feeding  lienthic  invertebrates  in 
central  and  southern  Puget  Sound. 

The  majority  of  the  preceding  studies  took  place  in  relatively 
natural,  undisturbed  habitats.  In  contrast,  a  number  of  studies  have 
been  reported  in  recent  years  from  areas  which  are  industrialised  or 
otherwise  under  man's  influence  in  the  greater  Seattle  area.  The  Puget 
Sound  Interim  Studies  perfomed  for  METRO  (Municipality  of  Metropolitan 
Seattle)  focused  on  both  the  effects  of  sewage  effluent  on  benthic 
communities  near  wastewater  outfalls  (Harman  et  al.  1976,  1977;  Armstrong 
et  al.  1977)  and  benthic  community  structure  at  Seattle  beaches  away  from 
these  outfalls  (Armstrong  et  al.  1976).  METRO- sponsored  baseline  studies 
describing  the  composition  of  intertidal  benthic  communities  at  Skiff 
Point,  Bainbridge  Island  across  from  the  West  Point  sewer  outfall  (Thom 
et  al.  1979a)  and  at  100  subtldal  sites  on  the  eastern  side  of  central 
Puget  Sound  (Thom  et  al.  1979b)  have  further  characterised  benthic 
communities  in  this  region.  A  study  done  for  the  Port  of  Seattle  (Leon 
1980)  analyzed  benthic  communities  at  Kellogg  Island  in  the  Duwasdsh 
Waterway,  a  site  adjacent  to  heavy  industry  and  within  a  dredged  waterway. 
These  studies,  and  the  previously  mentioned  ones,  create  a  broad  background 
of  information  with  «diich  to  caaq>are  the  results  obtained  from  the 
Commencement  Bay  invertebrate  studies. 
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2.0  METHODS 


2 . 1  TRANSECT  LOCATION 


Eight  transects  were  established  within  the  study  area  ( Figure  1 ) . 
These  transects  were  chosen  as  representative  of  the  majority  of  nearshore 
habitats  within  the  study  area  and  Included  locations  within  the  waterways 
and  in  the  outer  bay.  Intertidal  sample  stations  at  each  transect 
included  1.8,  0.9,  and  0.0  meters  relative  to  HLIM  (mean  lower  low  water) 
except  for  Transect  8  where  no  1 .8  m  samples  were  collected.  Subtldal 
sample  sites  trere  at  -2.5  m  (Transects  3,  5,  6,  and  7)  and  -10  m  (Transects 
1,  2,  4,  and  8)  relative  to  MLLW.  Stationary  landmarks  on  shore  were 
used  to  locate  the  transects.  Individual  stations  along  a  transect  were 
located  with  the  aid  of  a  fathometer  or  sounding  rod  after  correcting  for 
the  stage  of  the  tide. 

Intertidal  and  subtldal  organisms  were  sampled  using  an  eplbenthic 
pumping  system  (Figure  2)  consisting  of  a  centrifugal  pun^  drawing  water 
and  organisms  through  a  conical,  steel  ejqpander  into  a  PVC  suction  hose 
at  a  rate  of  approximately  4  liters/second  (Miller  et  al.  1977,  Simenstad 
and  Kinney  1978).  From  the  puiig>  the  water  passed  through  a  flowmeter  and 
into  a  steel  cylinder  containing  two  nested  conical  nets  of  mesh  size  0.5 
mm  and  0.25  mm.  Organisms  were  retained  by  the  nets  and  concentrated  in 
plastic  net  buckets.  Once  on  station,  the  pump  e]q>ander  was  lowered  to 
the  bottom.  The  pump  was  allowed  to  run  for  about  20  seconds  before  the 
nets  were  placed  in  the  cylinder  so  that  water  and  organisms  already  in 
the  hose  but  not  from  the  sample  area  were  removed.  Punning  time  was 
approximately  60  seconds/station  (equals  240  liters  filtered).  Large 
quantities  of  organic  debris  at  some  stations  caused  system  clogging  and 
reduced  puiiq>lng  time  by  as  much  as  50  percent.  However,  it  is  felt  that 
the  majority  of  organisms  in  the  sample  were  collected  prior  to  the  net's 
clogging. 

The  contents  of  the  net  buckets  were  placed  in  separate  glass  jars 
and  labeled  according  to  transect,  date,  collection  gear,  mesh  size,  and 
replicate  number.  Equal  volumes  of  seawater  and  10-percent  formalin 
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M  COMMENCEMENT  BAY 


FILTRATION  CYLINDER 


FIQURE2 

COMPONENTS  OF  EPBENTHC  SUCTK)N-PUMP  SAMPUNQ  SYSTEMCa) 
AND  CONSmUCnON  DETAL  OF  FLTRAIKM  CYUNDERO)) 


buffered  with  CaC03  were  then  added  to  each  jar  to  preserve  the  sas^le. 
Ei^t  drops  of  Rose  Bengal  stain  were  added  to  each  jar  In  the  laboratory 
to  impart  a  color  to  the  organisms  and  thus  facilitate  sorting. 

During  April  and  November,  two  r^llcates  were  taken  at  eacAi  transect 
for  each  tidal  level,  resulting  in  four  samples  for  each  tidal  level  (two 
sieved  at  0.5  mm  and  two  at  0.25  mm).  Due  to  funding  limitations,  only 
Transect  2  was  sampled  at  each  tidal  level  during  June  and  August;  the 
remaining  transects  %ierc  sampled  at  the  subtidal  station  only. 

Samples  of  Intertidal  and  subtidal  Infauna  were  obtained  by  divers 
using  hand-held  corers  (surface  area  =  12.5  cm^,  volume  -  450  ml). 

These  core  saiig>les  were  sieved  at  0.5  millimeter  immediately  after 
collection,  and  the  contents  retained  were  preserved  in  equal  volumes  of 
seawater  and  10-peroent  formalin  buffered  with  CaC03.  Rose  Bengal 
stain  was  added  to  each  jar  to  aid  in  sorting.  Three  core  samples 
were  taken  at  each  transect  at  each  tidal  level.  Infaunal  samples  were 
collected  concurrently  with  ^ibenthlc  puaqp  samples. 

2.2  LABORATORY  PROCEDURES 


In  the  laboratory  the  contents  of  a  jar  were  emptied  into  an  enameled 
pan  and  then  gently  swirled  so  as  to  separate  the  organisms  in  the  saiq>le 
from  bits  of  debris  and  heavier  sand  grains.  Before  settling  could 
occur,  this  surface  layer  was  decanted  through  a  sieve  of  appropriate 
mesh  size  (0.5  mm  or  0.25  mm)  to  retain  the  organisms  present.  This 
panning  process  was  repeated  3  to  5  times  per  sample,  which  proved 
adequate  to  separate  virtually  all  the  organisms  from  the  sediments  and 
heavy  debris. 

The  material  retained  by  the  sieve  was  gently  washed  into  a  petri 
dish.  Major  taxa  were  sorted  into  separate  drops  of  water  with  the  aid 
of  a  dissection  microscope.  Subsam^llng  of  certain  samples  was  necessary 
due  to  the  presence  of  extremely  hl^  numbers  of  certain  organisms  as 
well  as  the  relatively  hi^  Incidence  of  wood  chips,  fibers,  and  otlier 
organic  debris.  Subsampling  was  accomplished  by  placing  the  sample  in  a 
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graduated  beaker  and  adding  water  to  reach  a  vdIum  of  50  ml.  The 
contents  were  gently  agitated  by  hand  for  even  distribution  and  a 
subsample  drawn  off  with  a  S-ml  Henson-Stesipel  pipette.  The  organisms  In 
the  subsample  were  then  Identified  and  counted.  Additional  subsaa^les 
were  taken  until  approximately  70  of  the  most  numerous  organisms  had  been 
counted.  The  numbers  collected  subsampling  were  adjusted  to  reflect 
density  In  the  entire  sample  by  the  formula: 

n^  =  n2  X  V.J ,  trtiere 
- 

ni  >  number  of  organisms  In  the  sample, 

n2  ~  number  of  organisms  counted  In  the  subsample, 

Vi  >  total  volume  of  sample  (ml),  and 
V2  ~  volume  of  subsamples  (ml). 

The  number  and  types  of  or^nlsms  present  In  eac^  sample,  along  with 
a  code  Identifying  sample  origin,  were  recorded  on  forms  and  keypunched. 

Organisms  were  Identified  to  the  lowest  practical  taxon  based  on 
existing  literature  and  budget  limitations.  The  majority  of  organisms 
were  Identified  to  genus  and,  «d)en  possible,  species.  Certain  groups, 
such  as  Nematoda,  Ollgochaeta,  Ostracoda,  and  larval  crustaceans,  were 
not  Identified  beyond  the  level  of  class  or  order.  Due  to  the  amount  of 
time  required  to  Identify  genera  and  species  of  )uirpactlcold  copepods, 
these  animals  were  Identified  and  tabulated  for  all  stations  at  the  order 
level.  However,  a  checklist  of  genera  and  species  of  harpactlcold 
copepods  was  assembled  for  Transects  4  and  7  Hr.  Jeffry  R.  Cordell, 
Fisheries  Research  Institute,  University  of  Washington.  The  level  of 
taxonomic  reduction  for  CommencMMnt  Bay  Invertebrates  Is  comparable  to 
that  of  the  National  Oceanic  and  Atmospheric  Administration  (NOAA)  Office 
of  Marine  Pollution  Assessment  (ONPA)  Puget  Sound  studies. 
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2.3  JUVENILE  SALMON  AND  MARINE  FISH  STOMACH  ANALYSIS 


Juvenile  salmon  used  for  stomach  contents  analysis  %rare  obtained 
from  two  sources:  those  collected  by  Parametrlx,  Inc.,  Dames  &  Moore 
subcontractor  for  COBS  Task  4,  Fish  Studies;  and  samples  collected  by 
Puyallup  Nation  biologists  during  1980.  In  general,  only  juvenile  salmon 
collected  from  areas  coinciding  with  or  very  near  the  Invertebrate 
saag>llng  transects  were  used  for  stomach  contents  analysis  (Table  1). 
However,  some  salmon  collected  by  the  Puyallup  Nation  fisheries  biologists 
from  the  Point  Def lance- Ruston  shoreline  were  Included. 

Fish  length  was  measured  to  the  nearest  millimeter  and  the  stomach 
removed.  A  longitudinal  Incision  was  made  In  the  stomach  and  the  contents 
teased  Into  a  drop  of  water.  The  contents  were  sorted  by  taxonomic  group 
and  Identified  as  precisely  as  possible  given  their  state  of  digestion 
and  resulting  presence  or  absence  of  key  characters.  Individual  fish, 
associated  stosmchs,  and  contents  were  stored  In  labeled  vials  and 
preserved  In  45  percent  Isopropanol. 

Marine  fish  collectikl  by  otter  trawl  during  the  fall  (October)  1980 
and  spring  (March- April)  1981  sampling  periods  and  retained  for  stomach 
contents  analysis  are  shown  In  Table  2.  The  species  examined  were 
chosen  using  three  criteria:  abundance,  Inportance,  emd  feeding  type. 

The  fish  retained  for  stomach  content  analysis  were  the  most  abundant 
species  In  the  collections  and  several  are  of  economic  Importance  to 
sport  and  cosunerclal  fishermen.  The  fish  examined  constitute  three 
feeding  types  (Miller  et  al.  1980):  obligate  planktlvores  (Pacific 
herring),  obligate  eplbenthlc  planktlvores  (Pacific  tomcod),  and  faculta¬ 
tive  benthlvores  (flounder  and  sole). 

The  stomach  and  Its  contents  were  removed  and  examined  In  a  manner 
similar  to  that  described  for  the  juvenile  salmon.  Due  to  the  low  number 
of  fish  processed  and  uneven  coverage  of  all  eight  Invertebrate  stations, 
only  qualitative  relationships  between  prey  itesw  and  their  distribution 
In  the  study  area  were  described. 
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TABL8  1 

JUVENILE  SALMON  EXAMINED  FOR  STOMACH  CONTENTS 


Nunber 

Species _ Collection  Period  Processed _ Trsnsects 


Chinook 

April  1980 

23 

1 #2  f 3  #8 

Nay  1960 

18 

3,7,8 

June  1980 

4 

3, 5,6, 7 

Coho 

April  1980 

7 

5 

Nay  1980 

2 

5 

Pink 

March  1980 

2 

3 

April  1980 

31 

2,3,4,5,6 

May  1980 

12 

2, 4, 5, upper  turning  basln^- 

Hylebos  Waterway 

June  1980 

1 

5 

Chum 

April  1980 

25 

1,2,4 

May  1980 

23 

2#3#4/5f  . 

Ruston  Nay  shoreline 

June  1980 

_ 4 

5,  Blair  Waterway,  Ruston  Way 

shoreline 

Total 

152 

TABLE  2 

MARINE  FISH  EXAMINED  FOR 

STOMACH  CONTENTS 

Number 

Species 

Collection  Period 

Processed 

Transects 

Starry  flounder 

Fall  1980 

2 

3,  6 

Spring  1981 

5 

8,  6 

Rock  sole 

Fall  1980 

3 

3,  4 

Spring  1981 

5 

1,  5,  7 

English  sole 

Fall  1980 

10 

1,  3,  4,  6,  7 

Spring  1981 

6 

1,  3,  6 

Flathead  sole 

Fall  1980 

3 

3 

Spring  1981 

1 

Milwaukee 

Waterway 

Tomcod 

Fall  1980 

5 

1,  2,  3 

Spring  1981 

1 

3 

Pacific  herring 

Fall  1980 

_5 

Milwaukee  and 

Blair  Waterways 

Total 

46 
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2.4  DATA  ANALYSIS 

Basic  distribution  statistics  such  as  nuBd>ar  of  individuals,  swan, 
variance,  and  standard  deviation  were  calculated  for  each  saa^le. 

Measures  of  diversity.  Including  species  richness,  Shannon-Wiener  diversity 
index,  number  of  moves,  and  number  of  species,  were  also  calculated  for 
each  sample.  Copies  of  the  above  data  for  each  transect  and  sampling 
period  are  on  file  with  the  Corps  of  Engineers,  Seattle  District,  and 
Dames  &  Moore. 

The  invertebrate  samples  were  grouped  based  on  gear  type  used 
for  collection;  0.25-mm  epibenthic  pump,  0.5-mm  eplbenthic  pump,  and 
0.5-mm  infaunal  core,  and  each  group  analyzed  separately. 

The  April  and  November  collections,  at  all  depth  levels  for  each 
transect,  were  used  to  test  for  significant  differences  between  transects 
at  a  given  depth  level.  Mean  values  for  species  diversity  (H*),  species 
abundance  (N),  and  species  richness  (S),  mre  grouped  depth  level  for 
Transects  1  through  8  and  analyzed  using  a  Kruskal-Wallis  test  (Sokal  and 
Rohlf  1969),  a  nonparametric  method  of  evaluating  the  probability  that 
t%K>  or  more  groups  come  from  the  same  population.  Seasonal  effects 
bettreen  April  and  November  collections  were  analyzed  by  calculating  a 
Mann-Whitney  U  statistic  (Sokal  and  Rohlf  1969)  for  April  versus  November 
mean  values  for  H',  N,  and  S  within  a  given  depth  level. 

Patterns  in  species  composition  were  evaluated  with  cluster  analysis 
techniques  (Clifford  and  Stephenson  1975).  These  techniques  use  group 
averaging  methods  to  construct  dendrograms  illustrating  station  and 
species  groupings  within  the  study  area.  Based  on  the  results  of  the 
cluster  analysis,  we  have  attempted  to  provide  a  detailed  description 
of  the  invertebrate  assemblages  present  in  order  to  characterize  the 
occurrence  and  components  of  the  invertebrate  benthic  communities  in  the 
study  area. 
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3.0  MSOLTS  AMD  DISCOSSIOW 

3.1  BXPLOXTATIOM  UVEL  OF  THE  CX)MNERCIAiyRECREATIONAL  INVERTEBRATE  SPECIES 

3.1.1  Review  of  Data 

There  is  currently  no  caeunerclal  fishing  activity  for  shri^  or  crab 
within  the  Cceuiienceaent  Bay  study  area,  although  shriog)  were  cosunercially 
fished  years  ago  within  CceuBencement  Bay  and  surrounding  regions  (Bumgarner 
1981).  The  most  recent  ccomercial  shriiig>  fishing  in  south  Puget  Sound 
too)c  place  in  Carr  Inlet  but  has  been  closed  since  1978  due  to  a  severe 
decline  in  shriiqp  stocks  (Bumgarner  1981).  Nithin  Puget  Sound  there  is 
no  commercial  fishing  for  crabs  south  of  Point  Madison,  and  Dungeness 
crab  population  levels  are  low  south  of  Bainbridge  Island  according  to 
recent  Washington  Department  of  Fisheries  sampling  programs  (Bumgarner 
1981). 

Recreational  fishing  for  crab  (primarily  Dungeness,  Cancer  magister, 
and  rock  crab.  Cancer  productus)  occurs  wit)iin  the  study  area;  however, 
quantitative  catch  data  are  limited.  A  draft  report  published  by  the 
Pierce  County  Health  Department  (Noviello  1981)  states  that  cral>s  are 
taken  predominately  along  the  Browns  Point  to  Hylebos  Waterway  shoreline, 
in  Blair  Waterway,  and  in  City  Waterway.  Creel  surveys  at  the  above 
areas  (10  visits  to  each  between  July  1  and  September  11,  1981)  revealed 
that  79  fishermen  cau^^t  104  crabs,  while  surveys  at  the  Old  Town  dock 
Md  Point  Defiance  showed  no  crabs  taken  among  202  fishermen  during  the 
same  time  period  (Noviello  1981 ) .  observations  made  by  Puyallup  Tribal 
Fisheries  Division  biologists  also  confirm  a  sport  harvest  of  crab  within 
City  Waterway,  Blair  Waterway,  Hylebos  Waterway,  and  along  the  Narine 
View  Drive  shoreline  to  Browns  Point  (Miyamoto  1981). 

Recreational  shriag>  fishing  within  the  study  area  is  primarily 
directed  toward  two  species.  Fishermen  have  been  seen  using  shris^  pots 
in  Blair  Waterway  and  Hylebos  Waterway  seaward  of  11th  Street  (Miyamoto 
1981 ) ,  presumably  to  catch  the  coonstrlpe  shrimp,  Pandalus  danae,  for 
human  ccmsuiVtion.  Also,  digging  of  ghost  shrlsp,  Callianassa  spp. ,  for 


use  as  fish  bait  has  been  observed  at  three  intertidal  mudflat  areas: 
at  the  mouth  of  Hylebos  Waterway,  near  the  11th  street  Bridge  over 
Hylebos  Waterway,  and  In  Middle  Waterway  (Miyamoto  1981). 

Existing  population  estimates  for  recreatlonally  isg>ortant  crab 
and  shrimp  species  within  the  study  area  are  mostly  qualitative.  Nakatani 
et  al.  (1973)  observed  two  Oungeness  crabs  among  piling  remnants  on 
one  of  four  transects  which  divers  swam  southeast  of  the  ASARCO  smelter. 
Large  numbers  of  coonstrlpe  shrlsq:  were  observed  Inhabiting  submerged 
lumber  mill  debris  at  depths  of  5  to  25  feet  below  MLLW  and  ^ost  shrisp 
burrows  were  observed  at  shallower  depths  (Makatanl  et  al.  1973). 

Another  diving  survey  along  the  Ruston  Way  shore).lne  (Salo  et  al.  1980) 
covered  five  transects  from  near  Commencement  Parle  to  just  southeast 
of  the  ASARCO  smelter.  Coonstrlpe  shrimp  were  observed  on  sulbmerged 
logs  and  tires  along  four  of  the  transects  ^md  Oungeness  crabs  were 
obser'/ed  In  small  pockets  of  eelgrass  along  tMO  of  the  transects  (Salo  et 
1980).  Salo  and  McComas  (1980)  report  the  results  of  a  diving 
survey  at  eight  transects  within  and  at  the  mouth  of  Milwaukee  Waterway. 
Large  numbers  of  coonstrlpe  shrimp  mre  observed  colonizing  submerged 
logs  In  the  Interior  of  the  waterway  and  Oungeness  crabs  trare  observed  on 
all  diving  transects  except  two  (Salo  and  McComas  1980).  A  total  of 
18  Oungeness  crabs  were  collected  by  Parametrix,  Inc.  biologists  idiile 
trawling  for  bottomflsh  (Schadt  1981).  The  majority  of  these  were  caught 
during  October  1980  near  the  mouth  of  Hylebos  Waterway. 

Mallns  et  al.  (1980)  provide  quantitative  catch  data  for  several 
shellfish  species  In  the  study  area.  Individual  trawl  stations  were 
pooled  geographic  area  to  calculate  seasonal  and  annual  total  catch 
values  from  four  locations:  Browns  Point,  Hylebos  (the  entire  waterway), 
waterways  (Blair,  Sltcum,  Puyallup,  and  city  Waterways),  and  southwest 
Commencement  Bay  (three  stations  along  Ruston  Way  shoreline).  Catch 
values  for  Oungeness  crab  were  highest  during  spring  san^llng  In  I^lebos 
and  waterway  locations  with  one  station  (unidentified)  within  each 
location  yielding  approximately  three  crabs  (Mallns  et  al.  1980).  One 
Oungeness  crab  was  taken  at  a  single  station  In  Hylebos  the  other  three 
sampling  periods,  while  two  were  taken  at  a  waterway  station  during 
winter.  No  Oungeness  cralM  were  taken  at  Browns  Point  and  at  southwest 
Commencement  Bay  stations.  No  rook  crab  were  taken  at  any  stations  In 
Commsnoement  Bay. 
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Two  ahriiq;*  species  of  recreetional  isqportance  were  taken  by  trawls 
in  Coanencement  Bay:  coonatrlpe  shrloqp,  Pandalus  danae,  and  pink  shrli^, 
Pandalus  jordanl  (Nallns  et  al.  1980).  Hylebos  Waterway  stations  had  the 
lar9est  catches  In  the  study  area,  winter  and  spring  catches  of  pink 
shrlng>  were  very  low;  the  sumer  catch  was  approximately  80  shrlsqp  and 
the  fall  catch  was  approximately  160  shrimp.  Coonstrlpe  shrlaq^  were 
taken  year-round  In  Hylebos  with  catch  values  of  approximately  25  shrliq> 

In  winter,  10  In  spring,  40  In  summer,  and  a  hl0i  of  50  In  fall.  Other 
sampling  areas  In  Commencement  Bay  had  considerably  less  shrlaq^.  Approxi¬ 
mately  20  coonstrlpe  shrl0fg>  were  taken  In  fall  and  winter  from  waterway 
stations  and  none  were  cau^t  at  Bro«ms  Point  and  southwest  Commencement 
Bay  stations.  The  only  other  area  yielding  pink  shrlnqp  ms  Browns  Point 
where  approximately  20  mre  taken  during  the  fall. 

3.1.2  Sunmary  and  Conclusions 

There  currently  Is  no  ccmraerclal  fishing  In  the  study  area  for  crab 
and  shrimp  and  present  population  levels  of  these  species  are  probably 
too  low  to  support  a  viable  commercial  fishing  activity.  Recreational 
fishing  for  crab  and  shrloqp  Is  common  within  the  study  area.  The  number 
of  recreational  fishermen  Interviewed  by  Novlello  (1981)  appears  to 
Indicate  a  fairly  high  level  of  ej^loltatlon,  t)iough  no  breakdown  of 
numbers  of  fishermen  seeking  fish  versus  shellfish  was  provided.  Recrea¬ 
tional  fishing  pressure  could  be  predicted  to  Increase  In  the  future. 
Access  to  shoreline  fishing  areas  and  concern  alsout  contamination  of  the 
catch  from  Industrial  pollution  are  probably  the  major  factors  limiting 
the  number  of  recreational  fishermen  seeking  shellfish  in  the  study  area. 

From  the  data  that  exist  It  Is  apparent  that  the  Narine  View  Drive 
shoreline  from  Browns  Point  to,  and  Including,  Hylebos  Waterway  and  City 
Waterway  are  the  most  popular  crab  and  shrlaqp  fishing  areas.  Observations 
of  fishing  activity  are  numerous  but  catch  data  are  limited.  Wore 
Information  In  the  form  of  creel  surveys  and  catch  per  unit  effort  data 
are  required  to  determine  the  actual  e;q>loltatlon  level  of  these  species. 
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Th«  ooonstrlpe  shrine's  habit  of  seasonally  colonizing  subsnrged 
logs,  pilings,  and  %rood  debris  in  nearshore  areas  (Butler  1980)  and  its 
reported  abundance  in  the  study  area  in  these  habitats  (Makatanl  et  al. 
1973,  salo  et  al.  1980,  Sale  and  McComas  1980)  aaKes  it  a  potential 
species  for  increased  recreational  fishing  effort.  These  types  of 
habitats  are  probably  fairly  common  in  nearshore  areas  of  Commencement 
Bay  but  may  not  be  generally  accessible  to  the  fisherman. 

3.2  QUALITATIVE  CHARACTERISTICS  OF  TRANSECTS 

Observations  irare  made  by  divers  during  the  collection  of  samples  on 
the  general  bottom  characteristics  of  each  transect.  These  observations, 
coupled  with  laboratory  observations  of  sediments  and  associated  debris 
in  the  epibenthlc  and  infaunal  sas^les,  helped  to  characterize  the 
occurrence  of  varied  hed>ltat  type  along  the  transects  sampled.  Table  3 
summarizes  these  observations. 

Transect  1 ,  near  the  head  of  Hylebos  Waterway,  contained  considerable 
slag  throughout  the  intertidal  region  over  a  bottom  of  gravel  and  cobble 
with  some  fine  sand.  The  subtidal  sediments  were  soft  with  a  large 
amount  of  loose  organic  debris  forming  a  surface  layer.  Nysids  were 
commonly  observed  on  t<9  of  the  sediments  at  the  -lO-m  station. 

Intertidal  areas  at  Transect  2,  Hylebos  Waterway  at  the  11th  Street 
Bridge,  were  composed  of  soft  mud  with  a  high  clay  and  sand  content. 

The  subtidal  station  at  -10  m  was  fairly  hard-packed  sand.  The  0.9-m  and 
0.0-m  stations  contained  high  amounts  of  an  organic  debris  surface  layer. 

Transect  3,  at  the  mouth  of  Hylebos  Waterway,  had  a  predominantly 
sandy  bottom  at  all  stations  with  a  gently  sloping  gradient  out  to  the 
edge  of  the  dredged  channel.  There  were  very  low  amounts  of  organic 
debris  present  at  all  tidal  levels  along  this  transect. 

Transect  4,  east  of  Browns  Point  below  the  Cliff  House  Restaurant, 
contained  gravel  at  the  beach  level  gradually  changing  to  cobble  in  the 
mid-  to  low  Intertidal  regions.  The  -10-m  station  consisted  of  a  mixture 
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TABLB  3 


QUALITATIVE  CHARACTERISTICS  OF  IMVERTEBRATE  SANPLINS  STATIONS 
BASED  ON  DIVER  AND  LABORATORT  OBSERVATIONS 


Tidal  _ Organic  Debris 


Transect 

Elevation 

Sand-Gravel 

Medina  Low 

1 

1.8  a 

X 

X 

0.9  a 

X 

X 

0.0  a 

X 

X 

X 

-10  a 

X 

2 

1  e8  n 

X 

X 

0.9  a 

X 

X 

0.0  a 

X 

X 

-10  a 

X 

X 

3 

1 .8  a 

X 

X 

0.9  a 

X 

X 

0.0  a 

X 

X 

-2.5  m 

X 

X 

4 

1.8  a 

X 

X 

0.9  m 

X 

X 

0.0  a 

X 

X 

-10  a 

X 

X 

5 

1.8  a 

X 

X 

0.9  a 

X 

X 

0.0  a 

X 

X 

-2.5  a 

X 

X 

X 

6 

1.8  m 

X 

X 

0.9  m 

X 

X 

X 

0.0  a 

X 

X 

X 

-2.5  a 

X 

X 

X 

7 

1.8  a 

X 

X 

0.9  a 

0.0  a 

X 

X 

X 

X 

-2.5  a 

X 

X 

8 

0.9  a 

X 

X 

0.0  a 

X 

X 

-10  a 

X 

X 

(a)  Organic  debris  consisted  priaarily  of  wood  fibers  and  chips.  Aaoont 
present  detemined  on  the  basis  of  ^50  percent  by  voluae  ■  hi^i 
>^10  percent,  <50  percent  by  voIubm  >  aediun;  and  <10  percent  by 
volvBw  ■  low. 
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of  silt,  sand,  and  mud  mixed  with  shell  fragments.  All  levels  had  a 
fairly  low  level  of  organic  debris  on  the  surface  layer.  Transect  4 
contained  an  abundance  of  lamlnarians  and  red  algae  on  rocks  from  about 
0.0  m  down  to  the  -10-m  station.  Attached  marine  life.  Including  barnacles, 
mussels,  and  anemones  were  abundant.  Several  species  of  starfish  were 
observed  here. 

The  intertidal  area  at  Transect  5,  on  Ruston  Way  at  Commencoaent 
Park,  was  composed  of  sand,  gravel,  and  smooth  pebbles.  The  0.0-m  level 
down  to  -2.5  m  contained  a  mixture  of  sand  and  silt  with  a  large  amount 
of  organic  material  in  a  surface  layer.  A  whitish,  odoriferous  material 
was  consistently  observed  on  top  of  the  sediments  at  the  -2.5-m  station. 
This  was  probably  Begqlatoa  sp. ,  a  bacterltim  noted  by  Salo  et  al.  (1980) 
during  a  dxvlng  survey  at  this  site. 

Transect  6,  In  City  Waterway  at  the  mouth  of  Wheeler-Csgood  Waterway, 
had  a  very  soft,  mucky  bottom  at  all  levels  composed  of  fine  sand  and  mud 
with  some  coarser  material.  Medium  to  high  amounts  of  organic  debris 
were  present  as  a  surface  layer  at  the  0.0-  and  -2.5-m  stations.  The  top 
15  cm  of  the  bottom  sediments  were  very  soft  with  a  more  firm  material 
underneath. 

Transect  7,  In  Middle  Waterway  adjacent  to  Foss  Marine  Tug  and 
Barge,  had  sandy  high  Intertidal  areas  with  some  cobble  and  gravel. 

The  0.0-  and  -2.5-m  stations  «rare  very  soft,  with  approximately  15  cm 
of  sediments  and  organic  material  with  a  gel-llke  consistency,  black 
in  color,  and  having  a  diatom  film.  Several  flatfish  species  were 
consistently  observed  at  this  transect. 

Transect  8,  at  the  mouth  of  the  Puyallup  River  between  the  river  and 
Milwaukee  Waterway,  had  high  intertidal  levels  con^osed  mainly  of  sand. 

The  1 .8-m  station  was  covered  by  riprap  and  inaccessible  to  saiiy>llng. 

Claun  siphons  and  mud  sKrlnp  burrows  are  very  abundant  between  the  0.9-m 
and  0.0-m  levels.  The  subtldal  station,  -10-m,  was  conyposed  of  very  soft, 
blackish  sediments  with  a  large  amount  of  organic  material  present  as  a 
surface  layer. 
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3.3  BENTHIC  AND  EPIBENTHIC  INVERTEBRATE  COMMUNITIES 

3.3.1  Species  Composition 

Approximately  229  teuca  of  benthic  and  eplbenthlc  Invertebrates 
(Table  4)  were  Identified  from  the  588  samples  collected  and  processed. 

The  majority  of  the  taxa  were  polychaetes  (31  percent),  copepods 
(16.6  percent),  gammarld  amphlpods  (16.1  percent),  and  bivalve  molluscs 
(6.9  percent).  These  percentages  are  partly  biased  by  level  of  Identifi¬ 
cation  of  harpactlcold  copepods  (only  samples  from  Stations  4  and  7  tiere 
Identified  to  genus). 

Polychaetous  annelids  were  most  ed^undant  In  the  mud-shell  sediments 
at  the  -10-m  station  of  Transect  4.  At  each  seunpllng  period  this  station 
contained  the  highest  number  of  polychaete  species.  Stations  1/-10  m, 
5/-2.5  m,  7/-2.5  m,  and  8/-10  m  also  contained  fairly  hl^  numbers  of 
polychaetes.  The  Intertidal  stations  at  Transect  2  (1.8-,  0.9-,  0.0-m) 
and  all  the  1 .8-m  stations  In  general  had  the  lowest  abundance  of  poly¬ 
chaetes  throughout  the  study  area.  Within  the  polychaeta,  the  family 
Splonldae  contained  the  highest  number  of  species  (Table  4).  The 
Clrratulldae,  Slycerldae,  Lumbrlnerldae,  Phyllodocldae,  and  Syllldae  were 
also  represented  by  several  species.  Polychaetes  were  occasionally 
within  organic  debris  suclced  up  by  the  eplbenthlc  pua^.  Polychaetes 
collected  In  this  manner  were  counted  and  Identified  to  family,  but  were 
not  entered  Into  the  eplbenthlc  analysis  since  they  are  primarily  Infaunal 
organisms . 

Copepods  ckmilnated  the  eplbenthlc  ptiiq)  samples  sieved  at  0.25  mm  and 
were  about  equally  split  between  the  ciders  Calanolda  and  Harpactl- 
colda.  In  the  0.25-mm  eplbenthlc  punq^s  the  plan)ctonic  calanold  genera 
Pseudocalanus ,  Microcalanus ,  and  Eurytemora  were  widely  distributed  at 
all  stations  during  the  spring  and  summer  months  idille  Paracalanus  and 
the  cyclopold  Corycaeus  were  most  abundant  In  the  November  saag>les. 
Aetldlus  armatus  and  Calanus  sp.  were  the  only  calanold  copepods  commonly 
encountered  at  all  locations  in  the  0.5-mm  eplbenthlc  pusqps,  primarily  In 
the  April  collections.  Harpactlcold  copepods  %rere  not  Identified 
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TABLE  4 


TAXONOMIC  COMPOSITION  AND  OCCORKENCB  OF 
INVERTEBRATES  OOLI£CTED  IN  COMNENCBIENT  BAY 


Taxa _ Epibanthlc  Pump  Infaunal  Core 


Hydrozoa 


Hydrolda  (polyp) 

+ 

Scyphozoa 

Scyphozoan  medusae 

+ 

Nemertea 

+ 

Nematoda 

+ 

+ 

Turbellaria 

Polycladlda 

+ 

Gastropoda 

+ 

Acmaeldae 

+ 

Colllsella  sp. 

+ 

Mltrella  sp. 

+ 

Pollnlces  sp. 

+ 

Bivalvla 

Blvalvla  sp.  juv. 

+ 

Axinopsida  sp.  juv. 

+ 

Cllnocardlum  sp. 

♦ 

cilnocardium  califomlense 

+ 

Cryptooya  callfornlca 

♦ 

Mptilus  edulls 

+ 

Macoma  sp. 

Macoma  balthica 

Macoma  calcarea 

+ 

Macoma  nasuta 

+ 

Macoma  obll^^ua 

♦ 

Pzotothaca  sp. 

+ 

Solen  slcarlus 

+ 

Telllna  sp. 

+ 

Telllna  modesta 

+ 

Transenella  tantllla 

+ 

+ 

Polychaeta 

Ampharetldae 

Amphicteis  sp. 

+ 

Azenloolidae  sp. 

+ 

Capltallldae 

Barantolla  americana 

+ 

Capltella  capltata 

+ 

Cirratulldae  sp. 

+ 

Chaetozone  setosa 

+ 

Caulerlella  alata 

+ 

Cirratulus  clrratus 

+ 

Cirratulus  spectabllls 

+ 

Tharyx  sp. 

+ 

Thar^x  secundus 

+ 

Cossurldae 

Cossura  soyerl 

+ 

-19- 


TABLE  4  (Continued) 


Taxa 


Dorvllleidae 

Dorvillea  annulata 
Glyceridae  sp. 

Glycera  ap. 

Glycera  americana 
Glycera  capltata 
Gonladldae 

Glyclnde  plcta 
Heslonidae 

Gyptia  brevipalpa 
Mlcropodarke  dubla 
Ophiodromua  puqettenaia 
Lumbrlnerldae  ap. 

Lunbrlneria  ap. 

Lumbrineria  luti 
Lunbrineria  pallida 
Lumbrineria  zonata 
Magelonidae 

Maqelona  japonica 
Maldanidae  ap. 

Nephtyidae 

Nephtya  cornuta  franciacana 
Nephtya  ferruginea 
Hereidae  ap. 

Nereia  ap. 

Nereia  procera 
Platynereia  bicanaliculata 
Onuphidae 

Diopatra  ornata 
Opheliidae  ap. 

Armandia  brevia 
Ophelina  acuminata 
Orbiniidae  ap. 

Scoloploa  acmecepa 
Oweniidae  ap. 

Pectinariidae 

Pectinaria  granulata 
Phyllodocidae 
Eteone  lonqa 
Eulalia  aanquinea 
Phyllodoce  ap. 

Phyllodoce  qroenlandica 
Phyllodoce  maculate 
Polynoidae  ap. 

Harmothoe  lunulata 
Lepidonotua  aquamatua 


Epibenthic  Pump  Infaunal  Core 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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TABLE  4  (Continued) 


Taxa  Epibenthlc  Pump  Infaunal  Core 


Sabellldae 


Cbone  dunerl 

+ 

Manayuitkla  aestuarlna 

+ 

Sigalionldae 

Pholoe  mlnuata 

+ 

Splonldae  ap« 

+ 

Polydora  sp. 

+ 

Polydora  brachycephala 

+ 

Polydora  kempl  laponlca 

+ 

Polydora  llgnl 

+ 

Polydora  proboscldea 

+ 

Polydora  pugettensls 

+ 

Prlonoaplo  clrrlfera 

+ 

Prlonosplo  ateenatrupi 

+ 

Pygoaplo  eleqana 

+ 

Strebloaplo  benedlctl 

+ 

Syllldae  ap. 

+ 

Bxoqone  ap. 

+ 

Sphaeroayllla  brandhoratl 

+ 

Syllla  heterochaeta 

+ 

Syllla  hyallna 

+ 

Terebellldae  ap. 

+ 

Polyclrrua  ap. 

+ 

Ollgochaeta 

+ 

Araneae 

Halacarldae 

+ 

Arthr<^da 

Oatracoda 

Nyodooopa 

+ 

+ 

Podocopa 

+ 

+ 

Copepoda 

Calanolda  ap. 

+ 

+ 

Acartla  claual 

+ 

Acartla  longlreada 

+ 

Aetldlua  ap. 

■  + 

Aetldlua  armatua 

+ 

Calanua  ap. 

+ 

♦ 

Calanua  paclflcua 

+ 

Buryteanra  afflnla 

+ 

Mlcrocalanua  ap. 

+ 

Paracalanua  ap. 

+ 

Paeudocalanua  ap. 

+ 

+ 

Scolaclthrlcalla  adnor 

+ 

Tortanua  dlacaudatua 

+ 

Cyclopolda  ap. 

♦ 

+ 

Corycaeua  angllcua 

+ 

+ 

Cyclopina  ap. 

+ 
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TABLE  4  (Continued) 


Taxa 


Kpibenthlc  Puna)  Infaunal  Core 


Cyclops  blcuspldatus  thomasl 

+ 

Hemlcyclops  subadhaerens 

+ 

Oithona  slmllls 

+ 

Harpactlcolda 

+ 

+ 

Acrenhydrosoma  perplaxum 

+ 

Bulbamphlascus  sp. 

+ 

Oact^opodla  sp* 

+ 

Dactylopodla  vulqaris  Inornata 

+ 

HalectlnosoBUi  sp. 

+ 

Harpactlcus  sp. 

+ 

Harpactlcus  unlremls 

+ 

Heterolaophonte  dlscophora 

+ 

Heterolaophonte  longlsetloera 

+ 

Huntenannla  jadensis 

+ 

Leimla  vaga 

+ 

Microar'thridion  littorale 

+ 

Normanella  sp. 

+ 

Parathalestrls  callfornlca 

+ 

Bhynchothalestrls  helqolandica 

+ 

Stenhella  (Stenhelia)  peniculata 

+ 

Tlsbe  spp. 

+ 

Typhlamphlascus  pectlnlfer 

+ 

Zaus  SP. 

+ 

Copepoda  c<9epodlte 

+ 

+ 

Copepoda  nauplll 

+ 

+ 

Clrrlpedla 

Balanus  sp. 

+ 

Balanus  glandula 

+ 

Balanonoipha  nauplll 

+ 

Balanomoxpha  cyprlds 

+ 

Leptostraca 

Meballa  pugettensls 

+ 

Mysldacea  sp. 

+ 

Acanthomysls  sp. 

+ 

Acanthonysls  davlsl 

+ 

Acanthonysls  nacropsls 

+ 

Holmsiella  ancnala 

+ 

Cumacea  sp. 

+ 

+ 

Bathycuma  sp. 

+ 

CuoMlla  vulgaris 

+ 

+ 

Eudorella  sp. 

+ 

+ 

Budorallo^is  sp. 

+ 

Lamprops  sp. 

+ 

+ 

Laptocxima  sp. 

+ 

Laptostvlls  sp. 

■f 

♦ 
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TABLE  4  (Continued) 


Taxa _ I _ Bplbanthic  PuiB>  Infaanal  Cora 


Tanaldacea  sp. 

+ 

+ 

Anatanals  nonanl 

+ 

Leptochella  savl^iyi 

+ 

+ 

Pancolua  callfornlanala 

+ 

+ 

Pseudotanala  oculatus 

+ 

+ 

Isopoda  sp. 

+ 

Bopyridaa 

+ 

Gnorlmoaphaarona  ore^nensls 

+ 

Munna  ap. 

+ 

+ 

Ganunaridea  ap* 

+ 

Aoroldaa  coluoblaa 

+ 

+ 

Allorchastaa  anguata 

+ 

+ 

Ampellacldae 

+ 

Ampithoe  ap. 

+ 

Callloplldae 

+ 

Callloplua  ap. 

+ 

Calllopiua  cf.  laeviuaculua 

+ 

Corophium  ap. 

+ 

+ 

Eoganaiarua  ap. 

+ 

Boqaimiiarua  confervlolua 

+ 

Eualrua  ap. 

+ 

Guernea  ap. 

+ 

♦ 

Hatarophoxua  oculatua 

♦ 

Hyala  ap. 

+ 

Hyala  ancepa 

+ 

+ 

Hyala  pluBuloaa 

+ 

Xachyrocerua  ap. 

+ 

Lyaiannaaaiadae 

+ 

Monoculoldea  ap. 

+ 

Orchaatla  traaklana 

+ 

Orchoawna  sp. 

+ 

+ 

Orchooane  cf.  pingula 

+ 

Paracallloplalla  prattl 

+ 

ParaBK>ara  ap. 

+ 

Paraanara  aohrl 

+ 

+ 

Paraphoxua  ap. 

■f 

Paraplauataa  ap. 

+ 

Phot la  ap. 

+ 

+ 

Pbotla  blfurcata 

+ 

Phoxooaphalldaa 

+ 

Plauatldaa 

+ 

Pleuairua  ap. 

Plauataa  ap. 

+ 

+ 

•*> 

Synchalidiua  ahoaaudcarl 

+ 

+ 

Waatmodllla  caacula 

+ 

♦ 

Hyparildaa  ap. 

+ 

Parathamiato  paclflca 

+ 
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TABLE  4  (Continiwl) 


Taxa 

Epibenthlc  PuBp 

Infaunal  Gore 

Carldea  sp. 

+ 

Carldea  larvae 

+ 

Carldea  leegalc^e 

+ 

Euphaueiacea  larvae 

■f 

Hlppolytldae 

+ 

Bualus  fabrlcll 

♦ 

Heptacarpus  stlapaonl 

+ 

CalllanaBBldae 

CalllanaBBa  callfomlenBlB 

+ 

Anoonira 

Anoeiuran  soea 

+ 

Bradiyura 

Brachyuran  zoea 

+ 

+ 

Cancer  maglater 

+ 

Grapaldae  ap. 

+ 

HeadarapBUB  oreqonenBlB 

+ 

Llthodldae 

+ 

Plnnotheridae 

+ 

Plnnlxa  occldentallB 

+ 

TelmeBBUB  cheiraconuB 

+ 

Bchlnodemata 

(^hluroldea  juv. 

+ 

+ 

Vertebrata 

Larval  flah 

+ 

+ 
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all  traasaots,  at  all  atatlooa,  in  both  Infaunal  coraa  and  aplbenthlc 
pmpm.  In  tans  of  abundanoa,  haxpacticolds  danlnatad  all  othar  aplbanthic 
crustacaa  in  tha  0.2S-aB  apibai.thlc  pnpa.  Transacts  having  graatast 
abundanos  wars  7  (all  lavala)  and  8  (all  lavals).  Transacts  1/-10  ■, 

2/1.8  m,  3/0.9  ■,  4/0.0  ■,  5/0.9,  0.0,  -2.5  a,  and  6/0.0,  -2.5  a  also 
contained  high  dansitias.  Stations  having  graatast  haxpacticoid  abundanca 
correspond  fairly  wall  with  stations  containing  large  aaounts  of  an 
organic  surface  layer  (Table  3).  scae  harpacticoids  feed  on  bacteria  and 
detritus  (Barnes  1974),  «diich  is  probably  vary  abundant  in  the  organic 
debris,  and  this  could  partly  explain  why  they  are  so  abundant  at  these 
stations.  One  harpacticoid  species,  Bulbaaq^hiascus ,  was  also  reported  by 
Sinenstad  and  Cordell  (1980)  frcsi  City  Materway.  They  further  stated 
that  this  species  had  previously  never  been  found  in  ^Ibenthic  sooplan)cton 
asseablages  fron  Paclfc  Northwest  estuaries. 

Gamnarid  anphlpods  were  most  aliundant  in  the  infaunal  san^les.  No 
species  showed  any  overall  dosinance;  however  Corophium  was  probably  the 
most  common  gammarid  collected.  Transects  7  (all  levels)  and  5/-2.5  m 
contained  the  highest  diversity  of  gammarlds  during  April,  June,  and 
August.  Gammarlds  were  still  present  in  the  November  collections 
but  at  reduced  levels.  The  majority  of  the  gammarid  species  collected 
have  been  identified  by  Staude  (1980)  as  deposit  feeders,  burrowing  into 
the  sediments  and  feeding  on  detritus. 

The  bivalve  snlluscs  «iere  represented  by  15  species,  including  5 
species  of  Macosut  (Table  4).  Bivalves  were  generally  most  abundant  at 
the  low  intertidal  to  subtidal  levels  of  transects  having  san^  bottoms i 
such  as  Transects  3  and  5.  Transects  with  sandy  substrates  in  the  mid  to 
high  intertidal  levels.  Transects  7  and  8,  also  contained  relatively 
higher  numbers  of  bivalves.  The  bivalves  collected  were  generally  small 
(<2  cm)  and  the  larger  specimens  often  had  soft,  pliable  shells. 

Other  Invertebrate  groups  that  were  less  abundant  but  still  repre¬ 
sented  by  several  species  Included  Cumacea  (7  species),  Hysldacea 
(4  species),  and  Tanaidacea  (4  species)  (Table  4).  The  Namatoda  emd 
Oligochaeta  were  often  vary  abundant  in  the  benthic  sediments.  Because 
tliese  groups  tmre  not  identified  to  a  lower  level,  it  is  possible  that 
they  are  represented  by  a  large  number  of  species  within  the  stwfy  area. 
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3.3.2  Infauna  Analy ia 

Mean  values  for  species  rldtness  (S,  number  of  taxa)  in  infaunal 
Sandies  ranged  from  0  in  several  sasq^les  in  which  animals  were  absent  to 
19  species  in  a  sample  from  the  -10-m  station  on  Transect  4  in  June. 

Total  species  per  station  ranged  from  1  at  the  0.9-m  station  on  Transect 
2  in  June  to  30  at  the  -'2.S-m  station  on  Transect  5  in  June.  The  total 
number  of  species  per  station  averaged  11.8  t  17.1  for  all  stations 
san^led.  Average  species  richness  was  hif^est  at  the  -10-m  station  on 
Transect  4  and  lowest  was  at  the  0.9-m  station  on  Transect  5  (Table  5). 

The  total  number  of  taxa  identifed  was  153  (Table  4). 

Species  richness  generally  differed  significantly  between  the 
transects  %ihen  caBg>ared  within  ea^  depth  level  (Table  6).  Generally, 
Transects  4  and  7  had  hl^iest  richness  and  Transect  5  had  lowest  richness. 
Exceptions  to  this  pattern  occurred  at  the  0.0-  and  -2.5-m  stations 
(Table  5). 

Species  richness  increased  with  increasing  depth  throughout  the 
study  area  (Table  5;  p<0.01,  Kruskal-Hallis  test).  Thus,  lowest  ricdiness 
usually  was  encountered  at  the  upper  stations  at  eadi  transect.  Vari¬ 
ability  among  stations  at  a  given  level  was  high,  however,  as  pointed 
out  above. 


Species  richness  values  showed  no  significant  seasonal  pattern. 
Comparisons  were  made  separately  for  each  level  between  san^le  sets 
collected  in  April  and  November  (Table  7).  The  probability  that  the 
samples  from  April  and  November  represented  the  same  statistical  popula¬ 
tion  (same  biological  assemblages)  ranged  from  13  to  31  percent. 

Abundance  values  (N)  ranged  from  0  in  several  samples  in  which 
animals  were  absent  to  1,496  individuals  (predcad.nantly  Ollgochaetes ) 
in  a  sample  from  the  1 .8-m  station  oi  Transect  5  in  November.  Total 
Individuals  per  station  ranged  from  4,306  at  that  same  station  to  1  at 
the  0.9-m  station  on  Transect  2  in  June.  The  mean  number  of  individuals 
per  station,  averaged  for  all  periods  sampled,  ranged  from  11.5  at  the 
0.0-m  station  on  Transect  5  to  536.0  at  the  0.9-m  station  on  Transect  4 
(Table  5). 


TABU  5 


POQLBO  MBAH  VALUES  OF  H',  M,  AND  S 
FOR  ALL  INFAUNAL  STATIONS  ALONG  EACH  TRMISBCT 


Tidal 

Elevation 

Transect 

(m) 

1 

2 

3 

4 

5 

6 

7 

8 

H* 

1.8 

0.94 

1.24 

1.01 

0.45 

0.12 

0.93 

1.28 

0.9 

0.80 

1.31 

1.27 

0.65 

0.19 

0.80 

1.88 

1.86 

0.0 

1.40 

1.36 

1.87 

1.19 

1.62 

1.27 

1.51 

1.66 

-2.5 

— 

— 

2.15 

— 

2.22 

1.52 

2.32 

-10.0 

1.40 

1.68 

“ 

2.12 

“ 

“ 

1.77 

N 

1.8 

157.5 

74.5 

38.5 

207.5 

2190.0 

61 .0 

372.5 

•• 

0.9 

201.0 

34.0 

54.0 

536.0 

101.5 

169.5 

135.5 

16.0 

0.0 

106.5 

61.5 

58.0 

206.0 

11.5 

130.5 

61.0 

81 .0 

-2.5 

— 

— 

57.3 

— 

106.8 

96.8 

69.5 

-10.0 

232.2 

32.7 

“ 

147.0 

— 

-- 

— 

158.5 

S 

1.8 

7.5 

7.0 

6.0 

5.5 

3.0 

3.5 

10.0 

~ 

0.9 

7.0 

5.0 

6.5 

8.5 

2.5 

6.5 

11.5 

8.0 

0.0 

8.0 

5.5 

14.0 

10.0 

7.0 

11.0 

9.0 

13.0 

-2.5 

~ 

~ 

15.8 

— 

20.5 

13.3 

19.5 

— 

-10.0 

12.3 

9.3 

22.3 

•• 

•• 

18.5 

TABLE  6 

INFAUNAL  CORE  SAMPLES:  PROBABILITIES  OF  SIGNIFICANT  DIFFERENCES 
among  transects  at  a  GIVEN  DEPTH  LEVEL 
(KRUSKAL-HALLIS  TEST) 

April  and  Novenber  1980 


Tidal  Nuaerlcal  Parameters 


Elevation 

(m)  H* 

S 

N 

Accept  or  Reject  Null  Hypothesis 

1.8 

p<0.01 

p<0.01 

p<0.01 

Reject  for  all 

0.9 

p<0.001 

p<0.01 

p<0.01 

Reject  for  all 

0.0 

p>0.20 

p>0 . 1 0 

p<0.02 

Accept  for  S  and  H* ,  reject  for  N 

-2.5 

p>0.10 

p>0 .30 

p>0.30 

Accept  for  all 

-10.0 

p<0.02 

p<0.01 

p<0.05 

Reject  for  all 

TABLE  7 


INFADNAL  CODE  SAMPLES:  PROBABILITIES  OF  SIGMIFICAMT  DIFFERENCES 
AMONG  TRANSECTS  AT  A  GIVEK  ^rpTH  LEVEL 
(MANN-NHITMEy  U-VEw.) 


April  and  Noveaber  1980 


Tidal 

Numerical  Parai 

Mters 

Elevation  (m) 

H' 

S 

N 

Accept 

or  Reject  Mull  Hypothesis 

1.8 

p>0.27 

p>0.23 

p>0.27 

Accept 

for  all  categories 

0.9 

p>0 . 19 

p>0.44 

p>0.30 

0.0 

p>0.31 

p>0.45 

p>0.28 

-2.5 

p>0.13 

p>0.14 

P>0.23 

-10.0 

p>0.23 

p>0.21 

p>0.21 

Abundance  differed  significantly  among  transects  irtien  cosqpared 
within  each  depth  level  at  all  except  the  -2.5-4  station  (Table  6). 

Lower  abundances  usually  occurred  at  Transects  2  and  3  and  higher 
abundances  at  Transect  4* 

Abundance  varied  considerably  among  the  stations  on  each  transect 
but  no  consistent  depth  pattern  was  apparent  (Table  5,  p>0.7).  General 
Increases  In  abundance  with  decreasing  elevation  were  observed  on 
Transects  1,  2,  and  8,  but  decreases  over  a  sifld.lar  elevation  gradient 
were  observed  on  Transects  4,  5,  and  7. 

Abundance  also  exhibited  no  significant  seasonal  pattern  between 
sample  sets  collected  In  April  and  November  (Table  7).  The  probability 
that  the  samples  from  April  and  November  represented  the  same  biological 
assemblage  ranged  from  14  to  >45  percent. 

Species  diversity  values  (H* )  ranged  from  0.0  In  19  saaqples  In  irtiich 
animals  were  either  lacking  or  were  all  of  one  species  to  2.52  In  a  sss^le 
from  the  -2.5-m  level  on  Transect  7.  H*  for  pooled  station  data  ranged 
from  0.0  at  the  0.9-m  station  on  Transect  2  In  June  (only  a  single 
specimen  was  contained  In  the  three  replicates  collected)  to  2.69  at 
the  -2.5-m  station  on  Transect  7  In  August.  Average  pooled  H*  ranged  from 
0.12  at  the  1.8-n  station  on  Transect  5  to  2.32  at  the  -2.54  station  on 
Transect  7  (Table  5). 


H'  varied  significantly  among  transects  at  the  1.8-,  0.9-,  and 
-10-m  stations,  but  not  at  the  0.0-  and  -2.5-m  stations  (Table  6). 

Generally,  species  diversity  values  were  higher  on  Transects  3  and  7  and 
lower  on  Transect  5  (Table  5). 

H'  was  also  significantly  hi^er  at  lower  elevations  throug^tout  the 
study  area  (Table  5;  p<0.01).  Thus,  lower  diversity  values  usually 
were  encountered  at  the  higher  intertidal  stations  and  higher  values  at 
the  lower  elevations  on  a  specific  transect.  However,  as  pointed  out 
above,  variability  within  transects  at  a  given  station  was  high. 

Species  diversity  also  did  not  exhibit  significant  seasonal  patterns. 
The  probability  that  the  san^les  from  April  and  November  r^resented  the 
same  biological  assemblage  ranged  from  21  to  30  percent  (Table  7). 

A  pattern  of  increasing  species  abundance  and  richness  with  increasing 
depth  was  also  observed  in  benthic  communities  at  Skiff  Point,  Bainbridge 
Island  (Thom  et  al.  1979a),  and  in  the  nuwamish  Waterway  (Leon  1980). 

Thom  et  al.  (1979a)  reported  the  highest  species  diversity  and  abundance 
values  in  low  littoral  cobble  and  cobble-boulder  habitats  in  the  Bainbridge 
Island  study  area.  Meyer  and  Vogel  (1978)  found  harpactlcoid  density  was 
higher  at  lower  intertidal  stations  in  Hyle)>os  Waterway  while  gammarids 
and  cumaceans  showed  an  opposite  trend.  In  Commencement  Bay,  higher 
species  diversity  values  were  associated  with  Transect  4  at  the  low 
intertidal  and  subtidal  stations,  an  area  of  cobble  and  sand/mud  substrates. 
At  both  Commencement  Bay  and  Bainbridge  Island  polychaetes  were  the  most 
abundant  and  diverse  group  in  cobble  areas.  Nalins  et  al.  (1980)  repoirt 
lowest  species  richness  values  for  benthic  infauna  in  Commencement  Bay  at 
the  lower  turning  basin  in  Hylebos  Waterway  and  the  highest  values  near 
Browns  Point. 

The  components  of  the  benthic  communities  near  Kellogg  Island  in  the 
Duwamlsh  Waterway  (Leon  1980)  are  very  similar  to  those  of  Commencement 
Bay.  Polychaetes  dominated  intertidal  and  subtidal  core  samples  in  terms 
of  abundance  and  diversity,  with  the  sabellld  Manyunkia  aestuarina  and 
the  spionids  Poly dor a,  Pseudopolydora.  and  Pygospio  the  moat  abundant 
(Leon  1980).  The  clrratulids  Cirratulus  sp.  and  Tharyx  sp.  were  very 
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abundant  subtldally.  These  species  %rare  all  abundant  in  the  Comnencement 
Bay  study  area. 

Major  differences  exist  between  the  benthic  coBmunitles  In  Comenceraent 
Bay  and  other  less  disturbed  habitats  In  Puget  Sound.  Except  for  Trwsect  4, 
there  was  a  general  absence  of  larger  Invertebrate  fauna  according  to 
diver  observations  at  the  transects  studied.  In  contrast,  an  abundance 
of  these  forms  (sea  stars,  anonones,  gastrc^ds)  was  observed  In  nearshore 
habitats  at  Nlsqually  Delta  (Wlssemann  et  al.  1977,  Hou^iton  and  Kyte 
1978)  and  Balnbrldge  Island  (Thom  et  al.  1979a).  Sxibstrate  differences 
probably  account  for  s<xne  of  this  variation  since  roc)c/cobble  substrates 
are  generally  lacking  In  the  study  area.  However,  there  clearly  are 
other  factors  operating  to  limit  the  occurrence  of  these  forms  on  the  mud 
and  sand  habitats  In  Commencement  Bay. 

Classification  analyses  of  Infaunal  species  and  station  groups  were 
run  for  the  April  and  Hovember  saiig>ling  periods.  Results  for  April  show 
five  major  species  groups  (Figure  3)  and  three  major  station  groups 
(Figure  4).  Species  Groups  I  and  II  (Figure  3,  Table  8)  are  primarily 
composed  of  polychaetes  and  bivalves  and  are  most  commonly  found  within 
Group  A  stations  (Figure  4,  Table  8).  Group  A  stations  account  for  all 
but  one  (3/-2.5)  of  the  subtldal  stations.  Species  Groups  I  and  II  can 
be  considered  as  characteristic  assemblages  of  the  siibtldal  stations  In 
the  study  area.  Differences  In  distribution  between  Species  Groups  I  and 
II  seem  to  be  the  main  reason  for  their  classification  as  two  groups 
rather  them  one.  Group  I  occurs  at  most  of  the  stations  In  Group  A 
(Table  8)  while  Species  Group  II  Is  most  common  subtldally  at  Transects 
5,  7,  and  8  (Table  8).  Species  Group  III  (Figure  3,  Table  8)  contains 
both  Infaunal  polychaetes  such  as  Capltella  capltata  and  Manayunkla 
aestuariana  and  eplbenthlc  crustaceans  such  u  harpactlcold  cepepods, 
Corophlum,  Cumella  vulgaris,  and  Pancolus  calif ornlensls .  Nematoda, 
Oligochaeta,  and  Harpactlcolda  are  distributed  over  all  the  station 
groups  (Table  8)  and  this  Is  probably  due  to  their  level  of  taxonomic 
Identification  In  this  study.  Had  they  been  Identified  further,  to  the 
generic  level  for  example.  It  Is  possible  that  *-hese  taxa  would  show  a 
different  pattern  of  classification.  The  remaining  species  In  Group  III 
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were  nost  commonly  found  in  Group  B  stations,  especially  7/1.8,  0.9,  0.0 
and  1/0.9,  0.0  (Table  8).  Species  Groups  IV  and  V  (Figure  3,  Table  8) 
are  rather  loosely  related,  limited  In  distribution,  and  are  termed 
groups  mainly  for  convenience.  Species  Groups  IV  and  V  contain  nerltlc, 
eplbenthlc,  and  Infaunal  species  that  show  no  clearly  defined  pattern  of 
distribution  over  the  stations.  Classification  of  stations  Into  groups 
(Figure  4)  appears  to  be  correlated  with  tidal  l-tvel  as  well  as  species 
distribution.  Station  Group  A  Is  predominantly  subtldal.  Group  B  contains 
mainly  0.0-m  and  0.9-m  stations  (lower  Intertidal)  while  Station  Group  C 
contains  1.8-,  0.9-,  and  one  0.0-m  station  (Figure  4). 

Results  for  Hovember  show  five  major  species  groupings  (Figure  5) 
and  three  major  station  groupings  (Figure  6).  As  In  April,  November 
stations  are  grouped  primarily  by  depth.  Species  Group  I  (Figure  5)  Is 
composed  of  benthic.  Infaunal  species  that  are  primarily  found  In  subtldal 
stations  (Station  Group  A,  Figure  6  and  Table  9).  Species  Group  II 
(Figure  5)  Is  a  mixture  of  Infaunal  and  eplbenthlc  forms  (harpactlcolds, 
cumaceans,  ollgochaetes,  polychaetes)  with  a  distribution  throughout  all 
stations,  but  most  common  In  Station  Group  B  (Figure  6,  Table  9). 

Species  Group  Ill  (Figure  5,  Table  9)  primarily  contains  polychaetes  with 
three  species  of  eplbenthlc  crustaceans  and  one  bivalve.  This  group 
Is  distributed  within  station  Group  A  and  Is  most  oonsnon  at  4/-10  and 
5/-2.5  (Table  9).  Species  Group  IV  Is  a  collection  of  four  polychaete 
species  and  one  tanald  that  Is  characteristic  of  station  2/1.8  In  Station 
Group  B  (Table  9)  with  patchy  occurrence  elsewhere.  Species  Group  V 
(Figure  5)  Is  a  collection  of  typically  eplbenthlc  species  occurring  at 
4/0.0,  0.9,  and  1.8  (Table  9).  These  stations  at  Transect  4  were  the 
only  ones  In  the  study  area  with  roclc/cobble  substrates  that  had  growths 
of  barnacles  and  mussels.  Station  Group  C  Includes  several  pairs  of 
stations  from  1.8-m  to  -2.5-m  with  limited  affinity  to  other  stations. 

A  comparison  of  April  and  Novwnber  results  (Tables  8  and  9)  shows 
that  Station  Group  A  remains  the  same  In  both  months  except  for  8/0.0  and 
6/0.0  dropping  out  of  the  November  group.  Station  Group  B  In  both  months 
are  fairly  similar,  containing  a  mixture  of  Intertidal  stations  that 
generally  tend  to  be  lower  Intertidal  althou^  more  high  Intertidal 
stations  are  added  to  the  November  grouping  than  In  April.  Species 
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Group  II,  April  (Figure  3)  aid  Species  Group  III,  November  (Figure  5)  are 
essentially  the  sans  and  both  are  found  within  most  of  the  stations  (Tables  8 
and  9).  A  major  difference  between  April  and  Novmsber  results  is  the 
absence  of  harpacticoida,  nematodes,  and  ollgochaetes  at  siibtidal  stations 
in  Novmsber  (station  Group  A,  Table  9)  while  they  were  present  in  April. 

Thom  et  al.  (1979b)  performed  cluster  analysis  on  intertidal  benthic 
samples  from  Bainbridge  Island.  Sample  sites  were  grouped  primarily  by 
tidal  hei^t  and  secondarily  by  habitats  within  a  tidal  height.  Based  on 
the  secondary  grouping  by  habitat,  Thom  et  al.  (1979b)  concluded  that 
substrate  type  is  a  more  Important  factor  than  tidal  hei^t  in  structuring 
the  benthic  community.  Analysis  of  the  Isenthic  infaunal  communities  in 
this  study  svgtports  this  conclusion.  Based  on  the  qualitative  station 
substrate  characteristics  shown  in  Table  3,  it  appears  that  infaunal 
station  subgroupings  are  related  to  substrate  type  and  the  amount  of 
organic  debris  present.  A  more  detailed  analysis  of  physical  and  chemical 
substrate  characteristics  correlated  with  station  and  species  groupings 
would  required  to  quantify  this  apparent  relationship. 

3.3.3  0.25-mm  Bpibenthic  Pump  Analysis 

Species  richness  values  (S)  in  the  0.25-mm  epibenthic  pusp  saaples 
varied  from  1  at  several  stations  to  19  taxa  identified  at  the  0.9-m 
station  of  Transect  1  during  April.  Mean  values  of  species  richness 
(Table  10)  ranged  from  3.25  at  the  1.8-m  station  of  Transect  3  to 
12.0  at  the  0.9-.m  station  of  Transect  1.  Total  number  of  taxa  identified 
in  all  epibenthic  pump  samples  was  89  (Table  4). 

Species  richness  values  were  extremely  variable  within  transects  and 
depth  levels.  Increasing  species  richness  with  increasing  depth  was  not 
apparent  for  the  0.25>mm  epibenthic  pump  samples.  Transect  3  showed  this 
pattern,  but  Transects  1,  2,  and  6  showed  an  opposite  trend  and  Transects 
4,  5,  and  8  had  relatively  similar  species  richness  values  at  all  depth 
levels.  A  significant  difference  in  species  richness  between  transects 
was  detached  at  the  -2.5’^  station  (p<0.05,  Krushal-Nallis  test), 
no  significant  differences  were  detected  at  any  other  depth  levels 
(Table  11).  Transects  6  and  7  had  the  lower  species  richness  values  at 
•2.5  m  while  Transects  3  and  5  had  the  hi^er  ones. 
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POOUtD  NSM)  VALtnS  OT  M* ,  M,  MID  S 
lOR  ALI<  0.25-NH  BPIBBNTHIC  PDMP  STATXOIIt  ALOM3  BACH  TRANSECT 


Tidal 

Blavation 

Transact 

(■) 

1 

2 

3 

4 

5 

6 

7 

8 

H* 

1.8 

1.70 

1.65 

0.81 

1.39 

1.47 

1.72 

1.05 

0.9 

1.74 

1.63 

0.87 

1.42 

1.51 

1.64 

0.93 

1.19 

0.0 

1.54 

1.30 

0.97 

0.83 

0.95 

0.69 

0.94 

1.38 

-2.5 

— 

— 

1.35 

— 

1.10 

0.94 

0.94 

— 

1.11 

1.15 

“ 

1.45 

-- 

— 

~ 

0.44 

N 

1.8 

114.0 

95.0 

39.5 

49.7 

46.0 

35.2 

266.7 

~ 

125.2 

52.9 

105.7 

249.2 

38.7 

522.0 

18.75 

0.0 

133.5 

119.5 

44.0 

296.0 

285.5 

87.7 

123.7 

76.75 

-2.5 

— 

— 

83.7 

— 

579.1 

137.5 

222.1 

~ 

-10.0 

194.5 

124.5 

~ 

163.5 

~ 

1277.0 

s 

1.8 

9.0 

3.25 

6.5 

6.75 

7.75 

5.0 

— 

0.9 

12.0 

8.25 

5.5 

7.0 

8.0 

7.25 

7.0 

5.0 

6.5 

5.9 

4.0 

6.5 

6.25 

4.75 

7.25 

5.75 

-2.5 

— 

8.25 

— 

7.25 

5.63 

5.62 

— 

-10.0 

5.87 

6.1 

~ 

8.1 

— 

~ 

— 

4.0 

TABLE  11 


0.25-IIH  BPIBBNTRXC  PUNP:  PROBABILITIES  OF  SIGNIFICANT  DIFFERWCBS 
AHONG  TRANSECTS  AT  A  GIVEN  DEPTH  LEVEL 
(KRUSKAL-NALLIS  TEST) 


April  and  Nov0mbT  1980 


Tidal  Ntt—rical  Parwf  rs 


Blavation  (■} 

H* 

s 

N 

Accapt  or  Rajact  Null  Hypothasis 

1.8 

p>0.05 

p>0.5 

p>0.1 

Acoapt  for  all 

0.9 

p>0.1 

p>0. 1 

p>0.9 

Accapt  for  all 

0.0 

p>0.5 

P>0.5 

1>>0.9 

Accapt  for  all 

-2.5 

p<0.05 

p>0.5 

iKO.05 

Accept  for  N,  rajaet  for  H* ,  8 

-10.0 

p<0.05 

p>0.5 

p>0.5 

Acoapt  for  N,  S,  rajaet  for  H* 

significant  seasonal  dlfferencea  In  species  rldiness  between  transects 
were  detected  at  all  tidal  levels  except  0.9  ■  (Table  12).  p<0.005  to 
0.02S,  Mann-fOiltney  test). 


TABLK  12 

0.25-MM  EPIBENTHIC  PUHP:  PROBABXLITIBS  OF  SIGNIFICANT  DIFFERENCES 
AHONG  TRANSECTS  AT  A  GIVEN  DEPTH  LEVEL 
(MANN-HHITNET  U-TEST) 

April  and  November  1980 


Numerical  Paraaieters 

Elevation  (m) 

H* 

S 

N 

Accept  or  Reject  Null  Hypothesis 

1.8 

p<0.025 

p<0.001 

p<0.005 

Reject  for  all 

0.9 

p<0 .05 

p>0 .05 

p>0.05 

Accept  for  N,  S,  reject  for  H* 

0.0 

p<0 .005 

p<0.025 

p<0.005 

Reject  for  all 

-2.5 

p<0.01 

p<0.025 

p<0.025 

Reject  for  all 

-10.0 

p<0.025 

p<0 .025 

p<0.025 

Reject  for  all 

Species  diversity  values  (H* )  show  considerable  variation  both 
within  transects  and  depth  levels  (Table  10).  The  -lO-n  station  of 
Transect  8  had  the  lowest  mean  species  diversity  value  while  the  O.S-* 
station  of  Transect  1  had  the  highest  mean  value.  Mean  values  for 
species  diversity  were  generally  hl^er  In  the  0.25-mm  epUaenthlc  ptsip 
sanqples  than  In  the  0.5-mm  eplbenthlc  punp  saiq[>les  at  similar  transects 
and  depth  levels  (Tables  10  and  15). 

Significant  differences  In  species  diversity  values  for  all  transects 
were  detected  at  the  -2.5-  and  -10-m  stations  (Table  11,  p<0.05,  Kruslcal- 
Wallls  test).  Transects  6  and  7  bad  the  lowest  values  at  the  -2.5-m 
station  while  Transects  3  and  5  had  hipest  values.  Transects  2  and  8 
had  lowest  species  diversity  values  at  the  -10-m  station  while  Transects 
1  and  4  had  highest  values. 

Seasonal  effects  In  species  diversity  for  all  transects  between 
April  and  November  were  present  at  all  depth  levels  (Table  12,  p<0.005 
to  0.05,  Mann-Hhltn^  test). 
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Specie*  abundano*  value*  <N)  ranged  from  4  organlsae  collected  in 
aeveral  aaaqplee  to  4,130  organleaw  (99.75  percent  haipactlcold  ccpepode) 
collected  at  the  -10-m  atatlon  o£  Transect  8  in  June.  Hean  species 
abundance  values  (Table  10)  suggest  a  pattern  of  increasing  abundance 
with  increasing  depth)  however,  considerable  variation  exists  and  this 
trend  is  not  evident  at  all  transects. 

No  significant  difference  in  species  abundance  values  for  all 
transects  was  found  at  any  tidal  level  (Table  11,  KruSkal-Wallis  test). 
However,  significant  seasonal  effects  for  all  transects  between  April  and 
November  were  detected  at  the  1.8-,  0.0-,  -2.5-,  and  -10-m  stations 
(Table  12,  p<0.001  to  0.25,  Mann-Hhitney  test).  No  significant  difference 
was  detected  at  the  0.9-m  station. 

Classification  results  for  April  0.25-mm  epibenthic  pun^  saBQ>les 
are  shown  in  Figures  7  and  8  and  Table  13.  Five  nmjor  species  groups 
were  apparent  (Figure  7),  althou^  Groups  X,  II,  IV,  and  V  contained  3  or 
less  species  having  United  distribution  at  stations  throughout  the  study 
area  (Table  13).  Species  Group  III  contains  18  species,  12  of  which 
are  neritic  calanoid  copepods  or  crustacean  larvae.  This  group  is 
actually  composed  of  several  smaller  subgroups  that  are  joined  together 
at  increasingly  lower  levels  of  similarity  to  form  the  larger  group.  One 
subgroup  contains  Pseudocalanus ,  Microcalanus ,  Corycaeus,  Calanus, 
Harpacticolda,  Balanomotpha  nauplii  and  cyprids,  and  copepod  nauplii 
(Figure  7).  All  of  these  species  are  widely  distributed  throughout  the 
study  area  (Table  13)  and  except  for  harpacticoid  copqMds,  the  speciea 
are  primarily  neritic  and  characteristic  of  the  water  column  in  general 
rather  than  specific  stations.  This  accounts  for  their  widespread 
distribution.  The  other  species  comprising  Group  III  are  a  mixture  of 
neritic  and  epibenthic  organinas  that  are  mainly  distributed  within 
Station  Group  B.  The  station  groupings  for  April  (Figure  8,  Table  13) 
show  no  consistent  pattern  -.an  can  be  related  to  depth  or  sVbstrate 
type)  each  group  contains  intertidal  as  well  as  subtidal  stations. 
Subgrouping  within  the  main  groups  tends  to  join  nearby  stations  at 
similar  tidal  elevations.  For  example,  within  Group  C  the  stations  at 
2/1.8,  1/1.8,  1/0.9,  and  2/0.9  are  joined  at  a  level  of  aimilarity 
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greater  than  75  percent  and  stations  at  5/1.8,  5/0.9,  and  5/0.0  are 
joined  at  a  level  o£  similarity  greater  than  70  percent  (Figure  8). 

November  classification  results  showed  two  large  species  groups  and 
two  smaller  groups  (Figure  9).  Species  Group  Z  contains  eplbenthlc 
crustaceans  such  as  gammarld  amphlpods,  tanalds,  cumaceans,  and  Isopods  as 
well  as  neritlc  organisms  such  as  calanold  copepods  (Figure  9).  Species 
In  this  group  are  Infrequent  In  the  study  area  but  all  are  found  at  4/- 10 
(Table  14).  Pseudocalanus ,  Paracalanus,  Harpactlcolda ,  Corycaeus,  and 
Oithona  slmllls  form  a  subgroup  In  Group  II  (Figure  9)  that  Is  widely 
distributed  throu^out  all  stations  In  the  study  area  (Table  14). 

Species  Group  III  contains  the  ostracod  order  Myodocopa  and  the  amphlpod 
Eoqammarus  conf ervlcolus .  Species  Group  IV  consists  of  the  gammarlds 
Parathemlsto  paclflca  and  Mlorchestes  angusta  (Figure  9)  which  are 
found  only  at  Intertidal  stations  on  Transect  5  (Table  14).  Station 
Group  A  (Figure  10)  contains  a  mixture  of  intertidal  and  subtidal 
stations  that  are  characterized  by  Species  Groups  I  and  IV.  Station 
Group  B  (Figure  10)  contains  the  intertidal  stations  (1.8-,  0.9-,  and 
O.O-m)  of  Transects  1,  6,  and  7  and  Is  characterized  by  species  of  Group 
II  (Table  14).  Qualitative  similarities  exist  between  Transects  1,  6, 
and  7  in  Group  B;  all  are  well  Inside  waterways  and  have  substrates  of 
soft  mud  with  large  amounts  of  organic  debris.  Cumella,  Corophium,  and 
Eogeunmarus  (Species  Group  II,  Table  14)  are  most  common  within  these 
stations  and  are  known  to  prefer  the  type  of  habitat  these  stations 
have.  Since  the  other  species  In  Group  II  are  primarily  neritlc  and 
distributed  over  all  stations,  these  three  eplbenthlc  crustacea’.s  are 
probably  more  characteristic  of  the  habitat  type  at  Transects  1,  6,  and  7 
than  the  rest  of  the  species  In  Group  II.  Station  1/-10  also  Is  placed 
In  Station  Group  B  (Figure  10)  but  It  should  be  noted  that  this  station 
joins  the  group  at  a  much  lower  level  of  similarity  than  do  the  others. 
Station  Group  C  (Figure  10)  contains  the  0.9-,  0.0-,  and  -10-m  levels  of 
Transect  4  which  seem  to  be  characterized  by  Species  Group  I. 

Considerable  variation  exists  bettreen  the  April  and  November  classi¬ 
fication  results.  However,  Species  Group  III  from  April  (Figure  7)  and 
Species  Group  II  from  November  (Figure  9)  contain  many  of  the  same 
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neritlc  copepod  specias  that  ara  widaly  dlstrlbutad  throughout  tha  study 
area.  The  main  difference  between  the  two  groups  is  the  absence  of 
larval  crustaceans  in  Movead>er.  station  groups  were  generally  Inconsistent 
between  April  and  November  except  that  Group  C  from  ^ril  (Figure  8)  and 
Group  C  from  November  (Figure  10)  contained  stations  from  Transect  4. 

3.3.4  O.S-mm  Epibenthic  Pump  Analysis 

Species  richness  values  (S)  in  the  0.5-mm  epibenthic  puag>  samples 
varied  from  0  at  stations  lacking  animals  to  16  species  at  the  -10-m 
station  of  Transect  4  in  April.  Mean  values  of  species  richness  (Table  15) 
ranged  from  0.25  at  the  0.9-m  station  of  Transect  6  to  6.0  at  the 
0.0>m  station  of  Transect  1.  The  total  number  of  taxa  identified  in  all 
epibenthic  pump  saBg>les  was  89  (Table  4). 

Species  richness  values  generally  increased  with  Increasing  depth 
level  (Table  15);  lower  values  usually  occurred  at  high  intertidal 
stations  while  higher  values  were  found  at  low  intertidal  and  subtidal 
stations.  Transects  1,  4,  5,  and  7  generally  had  higher  species  richness 
values  while  Transects  2,  3,  and  6  had  lower  ones.  No  significant 
differences  in  species  richness  «Ntre  found  within  the  1.8->  0»0-,  -2.5-r 
and  -lO-m  stations  at  all  transects  (Table  16).  Significant  differences 
were  found  within  the  0.9-m  stations  (p<0.05,  Kruskal-Nallis  test). 
Variation  between  and  within  transects  is  hi^.  Significant  seasonal 
differences  in  species  richness  between  April  and  November  were  detected 
at  all  stations  (Table  17,  p<0.001,  Nann-Whltney  U-test). 

Species  diversity  (H* )  varied  considerably  by  transect  and  depth 
level  (Table  15).  Stations  at  mid  to  .lower  intertidal  and  subtidal 
levels  generally  had  the  higher  values  for  species  diversity.  Species 
diversity  at  the  1 .8-m  stations  was  consistently  lower  (Table  15). 
Transects  1,  4,  and  5  had  relatively  hl^er  species  diversity  at  all 
stations.  A  coeqparison  of  species  diversity  values  across  tidal  levels 
for  all  transects  (Table  16)  showed  t)uit  no  significant  dlffearences  exist 
at  any  level  except  1 .8*-m  (p<0.05,  Kruskal-Nallis  test).  At  the  1.8-m 
station.  Transects  2,  3,  5,  and  6  had  very  low  diversity  values  compared 
to  1  and  4. 
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FOOLBD  MBMi  VALOIS  OV  H' ,  M,  AMD  S 
FOR  ALL  O.S-NM  BPIBIMTHIC  FOHP  STATIONS  ALONG  BACH  TRAHSBCT 


Tidal 

Elevation 

Transect 

(n) 

1 

2 

3 

4 

5 

6 

7 

8 

H' 

1.8 

0.60 

0.17 

0.0 

0.95 

0.09 

0.17 

0.33 

0.9 

1.21 

0.34 

0.17 

1.35 

0.66 

0.0 

0.9 

0.27 

0.0 

1.38 

0.31 

0.17 

1.29 

0.87 

0.57 

0.34 

0.44 

-2.5 

— 

— 

0.71 

— 

1.28 

0.55 

0.77 

— 

-10.0 

1.05 

0.79 

1.09 

“ 

“ 

0.71 

N 

1.8 

6.25 

2.25 

1.5 

5.25 

2.75 

0.75 

8.75 

— 

0.9 

9.5 

1.5 

1.75 

13.5 

16.0 

0.25 

14.75 

1.25 

0.0 

17.5 

10.62 

2.25 

25.25 

4.25 

4.25 

3.0 

1.75 

-2.5 

— 

— 

12.0 

— 

20.87 

5.25 

19.0 

— 

-10.0 

11.5 

5.62 

— 

18.0 

— 

— 

— 

57.12 

S 


1.8 

2.5 

1.0 

0.75 

2.75 

1.0 

0.75 

2.0 

0.9 

4.0 

1.5 

1.0 

5.25 

3.25 

0.25 

3.75 

1.25 

0.0 

6.0 

1.87 

1.0 

5.0 

2.75 

2.25 

3.0 

1.25 

-2.5 

— 

~ 

3.12 

~ 

5.87 

2.13 

2.87 

— 

-10.0 

3.25 

2.75 

— 

5.62 

~ 

~ 

— 

3.87 

TABLE  16 

0.5-HM  EPIBEMTHIC  PUMPs  PROBABILITIES  OF  SIGNIFICANT  DIFFERENCES 
AMONG  TRANSECTS  AT  A  GIVEN  DEPTH  LEVEL 
(KROSKAL-HALLIS  TEST) 

April  and  Noveabr  1980 


Tidal  Nuwarical  Paraawtara 


Elevation  (n) 

H’ 

s 

N 

Accept  or  Reject  Null  Hypothesis 

1.8 

p<0.05 

p>0 .1 

p>0 . 1 

Accept  for  N,Sf  reject  for  H' 

0.9 

p>0 .05 

p<0.025 

p<0.05 

Accept  for  H',  reject  for  N,  S 

0.0 

p>0 . 1 

p<0.05 

p>0.1 

Accept  for  H'f  N«  reject  for  S 

-2.5 

p>0.S 

p>0.5 

p<0.1 

Accept  for  all 

-10.0 

p>0.1 

p>0.1 

p>0.1 

Accept  for  all 

■  y 
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0.5-MM  BPXBBNTHIC  POMPt  PROBABII.ITXBS  OF  SXCaiXFZCANT  DXFFUtBNCBS 
AHONS  TSMISaCTS  AT  A  6XVSN  DEPTH  Z.BVBI. 

(KAMM-WXTIIBT  0-TS8T) 

M>ril  and  MovwriftT  1980 


Tidal  Huaarical  Paraaata. 


Elevation  (a) 

8 

M 

Accept  or  Reject  Mull  Hypothesis 

1.8 

p<0 .01 

p<0.001 

p<0.001 

Reject  for  all 

0.9 

p<0.01 

p<0.005 

p<0.001 

Reject  for  all 

0.0 

p>0.05 

p<0.001 

p>0.1 

Accept  for  H',  M, 

reject  for  S 

-2.5 

p>0.1 

p<0.025 

p>0 .1 

Accept  for  H* ,  M, 

reject  for  S 

-10.0 

p>0.1 

p<0.025 

p>0 .1 

Accept  for  H',  H, 

reject  for  S 

An  examination  of  seasonal  variation  (April  versus  November)  within 
depth  levels  for  all  transects  revealed  that  significant  differences  in 
species  diversity  occurred  at  the  1.8-  and  0.9-m  stations  (Table  17,  p<0.01, 
Hann-Hhltney  test).  Lower  Intertidal  and  subtldal  stations  for  all 
transects  had  sufficiently  similar  species  diversity  values  to  assusM 
that  the  existing  biological  assemblages  came  froai  the  same  statistical 
population. 

Abundance  of  organisms  (M)  ranged  from  0  at  stations  ladcing  animals 
to  410  for  a  sample  from  the  -10-m  station  of  Transect  8  In  June.  The 
animals  In  this  aan^le  %rere  primarily  harpactlcold  copapods,  not  normally 
retained  by  a  0.5-mm  sieve.  Xn  this  sasple  a  large  amount  of  organic 
debris  containing  harpactlcolds  was  retained  on  the  sieve,  accounting  for 
the  hl^  count,  Cospared  to  0.25-am  eplbenthlc  pump  and  Infaunal  samples, 
0.5-mm  eplbenthlc  pusp  samples  had  generally  lower  abundance  values 
(Tables  15,  10,  and  5). 

Exasd-natlon  of  abundance  values  between  transects  at  specific 
elevations  Indicated  that  significant  differences  In  abundance  occurred 
at  the  0.9-m  station  (Table  16).  Transects  2,  6,  and  8  had  the  lower 
abundance  values  at  the  0.9-m  station  while  Transects  2,  3,  6,  and  8  had 
the  lower  abundance  values  at  the  0.0-m  station.  Seasonal  effects  in 
species  abundsnce  were  evident  at  the  1.8-  and  0.9-m  stations  between 
April  and  Movember  (Table  17).  Mo  significant  differences  were  detected 
at  the  other  tidal  levels. 
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Classification  analysis  of  April  0.5-nm  eplbenthic  punp  sasqplas 
resulted  in  five  najor  species  groups  (Figure  11).  Group  I  contains  the 
gamnarids  Westwoodilla  caecula  and  Orchoaiene,  the  cumaoeans  Leptostylis 
and  Eudorella,  and  the  cumaoean  fanily  Laa^ropidae  (mostly  females  or 
immature  specimens) .  These  eplbenthic  crustaceans  are  found  individually 
at  the  subtidal  stations  of  Transects  1,  5,  6,  and  7  and  as  a  group 
at  4/- 10  (Table  18).  Species  Group  II  is  a  mixture  of  neritic  and 
eplbenthic  crustaceans  found  at  most  of  the  stations  in  the  study  area 
(Table  18).  Species  Group  III  (Figure  11)  contains  t«K>  neritic  organisms 
with  very  limited  distribution.  Species  Group  IV  (Figure  11)  contains 
four  eplbenthic  crustaceans  that  are  found  as  a  group  at  4/0.9  and  4/0.0 
(Table  18).  Species  Group  V  (Figure  11)  contains  a  mysid,  a  gammarid, 
and  a  harpacticoid  copepod  family.  Eogammarus  conervicolus  and  Acanthomyis 
davisi  both  are  found  at  7/0.0  and  8/0.0  within  Station  Group  C  (Table  18) 
but  are  uncommon  elsewhere  in  the  study  area.  April  stations  tended 
to  form  groups  based  on  tidal  level  but  considerable  variation  was 
present  (Figure  12).  Group  ~  (Figure  12)  is  not  a  true  group,  but 
rather  a  collection  of  nonrelated  svdi>groups  that  is  called  a  group  for 
convenience. 

The  results  of  the  November  species  classification  showed  two 
major  species  groups  (Figure  13).  Both  groups  contain  neritic  and 
eplbenthic  organisms.  Group  1  is  found  mainly  within  Station  Group  A 
(Figure  14,  Table  19)  at  subtidal  stations.  Species  Group  II  is 
most  cosuDon  in  Station  Group  C  tdiich  contains  mostly  intertidal  stations 
(Figure  14,  Table  19).  Species  Greup  III  contains  Bogammarus  confervicolua 
and  calanoida  (Figure  13)  and  is  very  limited  in  its  occurrence  in  the 
study  area  (Table  19).  November  stations  showed  a  stronger  tendency  to 
form  groups  based  on  tidal  level  than  did  April  atations  (Figure  14). 

3.3.5  Discussion 

A  qualitative  comparison  between  0.25-  and  O.S-mm  eplbenthic  pump 
cluster  analyses  suggests  that  t)ie  0.25-am  saagples  )iad  a  consistently 
higher  number  and  diversity  of  species.  In  addition,  several  of  these 
species  were  sufficiently  abundant  over  all  stations  to  represent  a 
characteristic  asssaiblags  within  the  study  area.  A  coaparlson  of  the 
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Infaunal  and  epibenthlc  results  suggests  that  the  Infaunal  coanaunities 
are  more  stable  and  leas  subject  to  seasonal  shifts  in  abundance. 

Infaunal  stations  also  were  more  clearly  grouped  by  tidal  hei^t  than  the 
epibenthlc  stations.  This  could  be  eiqpected  since  epibenthlc  organisms 
are  considerably  more  mobile  than  infaunal  organisms.  They  have  the 
ability  to  move  into  and  through  various  nearshore  habitats  and  may  be 
characteristic  of  water  masses  as  «tell  as  substrate  types.  This  could 
account  for  some  of  the  variability  seen  in  epibenthlc  station  groupings 
as  opposed  to  the  relatively  well  defined  depth-related  station  groupings 
of  the  Infauna. 

Several  recent  studies  have  used  an  epibenthlc  puiig>  to  sample 
eplfaunal  ccmmunlties  in  Puget  Sound  and  the  Columbia  River  estuary. 

Mean  density  estimates  reported  (totaled  over  all  stations)  include 
23,302  to  29,948  organisms/m^  in  Hood  Canal  (Slmenstad  et  al.  1980), 

50,039  organisms/m^  in  the  Strait  of  Ju2m  de  Fuca  (Slmenstad  et  al. 

1979),  and  approximately  102,819  organlsms/m^  in  the  Columbia  River 
estuary  (Houghton  et  al.  1981).  comparison  of  these  estimates  with  that 
obtained  for  Commencement  Bay  (8,878  organisms/m^ )  show  that  these 
other  areas  have  significantly  higher  densities.  Some  of  the  discrepancy 
can  be  explained  by  noting  that  a  minimum  mesh  size  of  0.209  mm  or 
0.130  mm  was  used  in  the  other  studies  compared  to  0.250  mm  in  Commence¬ 
ment  Bay.  This  slightly  smaller  mesh  would  be  ej^ected  to  retain  higher 
numbers  of  crustacean  larvae  and  eggs.  Also,  all  organisms  collected 
were  used  in  the  density  estimates  of  the  three  previously  cited  studies 
while  only  true  epibenthlc  forms  were  used  in  the  Commencement  Bay 
estimate.  However,  even  with  these  differences  in  methodology  talcen  into 
account,  the  density  estimate  for  Commencement  Bay  would  probably  double 
at  most,  and  still  be  ImIow  densities  reported  elsewhere. 

Habitat  differences  probably  account  for  much  of  the  variation  in 
density  noted.  Several  of  the  sample  sites  in  Hood  Canal  and  the  Strait 
of  Juan  de  Fuca  were  eelgrass  beds  (Slmenstad  et  al.  1979,  1980)  containing 
extremely  high  densities  of  harpacticoid  copapods  and  gammarid  as^hipods. 
High  density  and  species  diversity  of  gammarid  amphipods  were  noted  at 
Transect  4  in  Commencement  Bay  where  attached  macro-algae  provides  good 
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habitat,  other  transects  were  relatively  poor  in  gasmarld  aaq^hlpod 
diversity,  Corophiuin  being  the  only  genus  present  with  any  regularity  or 
abundance.  Harpacticoid  copepods  were  most  abundant  at  stations  with 
high  amounts  of  organic  debris,  such  as  07/-2.5  and  08/- 10,  but  bare  sand 
or  mud  stations  were  relatively  poor  in  harpacticolds. 

The  majority  of  sites  sampled  by  Simenstad  et  al.  (1979,  1980)  are 
relatively  unaffected  by  significant  pollution.  The  degree  to  which 
industrialization  of  the  study  area  and  release  of  pollutants  into  the 
waterways  and  bay  influences  species  composition  and  abundance  is  difficult 
to  assess.  Certainly  the  low  density  estimates  of  epibenthic  and  infaunal 
organisms  in  the  study  area  compared  with  less  disturbed  habitats  in 
Puget  Sound  suggests  that  something  beyond  differences  in  habitat  type  is 
influencing  the  invertebrate  communities  in  Commencement  Bay.  Simenstad 
and  Cordell  ( 1980 )  reported  a  low  diversity  but  high  standing  stock  of 
epibenthic  invertebrates  from  the  eastern  end  of  City  Waterway,  noting 
that  this  situation  is  characteristic  of  organically  enriched  or  polluted 
habitats.  Several  of  the  0.25-mm  epibenthic  pun^  transects  sampled  in 
this  study  (Transect  1  for  example)  had  stations  with  low  species  diversity 
(as  measured  by  both  H*  and  S)  yet  relatively  hi^  abundance  values 
(Table  10).  These  low  diversity  values  acconqaanled  by  high  abundance 
values  may  be  an  indication  of  pollutants  stressing  the  epibenthic 
communities  in  these  areas. 

3.4  JUVENlIiE  SALMON  STOMACH  CONTENT  ANALYSIS 

3.4.1  Chinook 


A  total  of  45  juvenile  Chinook  salmon  from  three  sampling  periods 
(April,  May,  June)  was  examined  for  stomach  contents  (Table  20).  Fish 
collected  during  April  1980  appeared  to  have  been  feeding  primarily  on 
harpacticoid  copepods  (81  percent  of  total  number  of  prey  items)  and 
secondarily  on  terrestrial  insects  (15  percent  of  total  number).  The 
remaining  prey  items  identified  included  epibenthic  organisms  such  as 
gammarid  amphipods  and  neritic  organisms  such  as  barnacle  and  copepod 
nauplii • 

Fish  collected  during  May  1980  were  larger  than  the  April  sample, 
generally  falling  into  a  range  between  51  and  100  an.  Harpacticoid 
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TABLE  20 

FRET  TAXA  CONPOSZTlONi  JUVEHZLB  CHINOOK  SALMON  IN  OOMNENCEMENT  BMr(a) 


Fi«h  Length  Interval 

Sample  Perio4/Prey _ <50  —i _ 51-100  ■■ _ >100 


April  1980 

n 

«  21 

Harpactlcolda 

423 

(81.0%) 

Insect  larvae 

44 

(6.4%) 

Dipt era 

19 

(3.6%) 

Insect  unld. 

15 

(2.8%) 

Corophlum  sp. 

10 

(1.9%) 

Balanonorph'-  nauplil 

5 

(0.9%) 

Gammarldea 

2 

(0.3%) 

Copepod  nauplil 

2 

(0.3%) 

Eocammarus  confervlcolus 

1 

(0.19%) 

Aranea 

1 

(0.19%) 

May  1980 

n  ■  1  n 

-  17 

Harpactlcolda 

120 

(61.8%) 

Brachyuran  zoea 

25 

(12.8%) 

Dipt  era 

15 

(7.7%) 

Mysldacea 

1  (100%)  15 

(7.7%) 

Insect  larvae 

8 

(4.1%) 

Cuiaaoea 

3 

(1.5%) 

Calanolda 

3 

(1.5%) 

Gammarldea 

3 

(1.5%) 

Corophlum  sp. 

1 

(0.5%) 

Insects  unld. 

1 

(0.5%) 

June  1980 

n 

-  4 

Harpactlcolda 

190 

(43.7%) 

Dipt era 

123 

(28.3%) 

Gammarldea 

82 

(18.9%) 

Cumella  sp. 

7 

(1.6%) 

Mysldacea 

5 

(1.1%) 

Aranea 

5 

(1.1%) 

Insect  larvae 

4 

(0.9%) 

Brachyuran  zoea 

4 

(0.9%) 

Hymenoptera 

3 

(0.7%) 

Calllanassa  sp. 

3 

(0.7%) 

Corophlum  sp. 

2 

(0.5%) 

Formicldae 

2 

(0.5%) 

Balanomorpha  cyprlds 

1 

(0.2%) 

Llthodldae 

1 

(0.2%) 

Blvalvla 

1 

(0.2%) 

Calanolda 

1 

(0.2%) 

(a)  Data  based  on  total  number  and  percent  contribution  of  beach  seine 
catch  In  1960  (all  stations  pooled). 

(b)  Both  fish  had  empty  stomachs. 


copepods  were  the  primary  prey  item  In  terms  of  abondanoe,  thou^  at  a 
lower  percentage  than  found  in  the  April  samples  (Table  20).  Neritic 
organisms  including  brachyuran  zoea,  terrestrial  insects,  and  calanoid 
cc^epods  contributed  26  percent  of  the  total  number  of  pr^  items. 

Fish  collected  during  June  1980  (51-100  mm  length)  still  fed  exten¬ 
sively  on  harpacticold  copepods  (43  percent  of  total.  Table  20)  though 
terrestrial  Insects  and  neritic  organisms  (32.6  percent  of  total)  and 
gammarid  amphipods  (19.4  percent  of  total)  were  ta)cen  in  increasingly 
larger  proportions  than  during  April  and  May. 

Fresh  et  al.  (1979)  found  that  juvenile  chinoolc  salmon  collected  in 
the  Mlsqually  Reach  of  southern  Puget  Sound  fed  primarily  on  epibentliic 
Crustacea  and  to  a  lesser  degree  on  neritic  pr^.  In  the  Duwamlsh 
River  estuary,  Meyer  et  al.  (1981)  also  obtained  results  suggesting  that 
smaller  fish  eat  a  larger  proportion  of  eplbenthic  prey  than  do  larger 
fish,  which  eat  more  neritic  prey.  In  addition,  gammarid  amphipods  such 
as  Corophium  were  found  most  frequently  in  stomachs  of  fish  sampled  at 
nearsliore  locations  and  terrestrial,  drift  insects  were  found  more 
frequently  in  fish  collected  at  upstream  locations  (Meyer  et  al.  1981). 

The  results  oljtained  from  juvenile  Chinook  collected  in  Commencement  Bay 
also  showed  a  trend  toward  increasing  use  of  neritic  prey  with  increasing 
fish  length.  Eplbenthic  organisms  were  abundant  in  juvenile  Chinook 
stomachs  from  all  three  saiqple  periods.  This  may  be  eiq>lalned  by  the 
fact  that  all  san^les  analyzed  were  collected  by  beach  seining  in  nearshore 
areas  where  eplbenthic  organisms  are  most  common. 

A  recent  saiiq>llng  effort  in  Commencement  Bay  between  May  and  September 
1979  by  Meyer  et  al.  (unpublished  preliminary  r^ort)  resulted  in  the 
collection  and  stomach  content  analysis  of  32  juvenile  Chinook  salmon 
(mean  length  -  77.5  mm).  Crustacean  larvae,  drift  insects,  and  gammarid 
aaq>hlpods  contributed  significantly  to  the  diet  of  Chinook  in  terms  of 
both  numbers  and  biomass.  Harpacticold  copepods  coi^rised  only  2.5 
percent  of  the  total  number  of  organisms  identified.  These  results 
generally  agree  with  the  findings  of  this  study.  Table  20  shows  the 
increasing  importance  of  neritic  prey  and  decreasing  Importance  of 
harpacticold  copepods  as  the  season  progresses.  The  low  number  of 
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harpactlcolds  reported  by  Meyer  et  al.  (uiy>ubliahed}  Is  soaewhat  puzcling 
since  our  results  from  June  show  harpactlcolds  still  aade  up  43  percent 
of  the  total  number  of  organisms. 

3.4.2  Coho 


Only  nine  juvenile  coho  salmon  were  collected  and  analyzed  for 
stomach  contents  (Table  21).  samples  collected  during  April  1980  In  the 
51-  to  100-mm  size  range  fed  upon  both  epibenthlc  (cumaceans  and  n^slds, 

7  percent)  and  nerltlc  prey  (brachyuran  zoea  and  juvenile  fish,  92  percent). 
Coho  larger  than  100  mm  showed  the  same  pattern  except  that  juvenile  fish 
comprised  the  largest  percentage  of  prey  Items  ta)cen  (58  percent).  A 
slightly  wider  variety  of  prey  taxa  was  also  Identified  In  the  larger 
coho,  but  this  Is  probably  due  to  a  larger  sample  size  for  this  length 
Interval. 

Two  juvenile  coho  were  collected  and  analyzed  from  May  1980,  one 
each  from  the  51-100  mm  and  greater  than  100  mm  length  Interval.  The 
smaller  coho  had  fed  primarily  on  brachyuran  zoea  (92  percent  of  total) 
while  the  larger  coho  contained  two  gammarld  amphlpods,  Bogammarus 
conf ervlcolus . 


Nerltlc  prey  such  as  larval  crustaceans  and  juvenile  fish  made 
up  the  buDc  of  the  prey  Items  ta)cen  by  juvenile  coho,  other  studies 
(Fresh  et  al.  1979,  Meyer  et  al.  1981)  Indicate  that  juvenile  coho  salmon 
have  a  very  diverse  prey  spectra  tliat  esqphaslzes  epllsenthic  organisms, 
especially  hazpactlcold  copepods  and  myslds.  Meyer  et  a'  (1981)  found 
that  epibenthlc  Crustacea  are  most  Important  in  coho  diets  during  their 
early  period  of  outmigration,  with  terrestrial  Insects  becoming  more 
Important  later.  Also,  c<^o  less  than  129  nan  In  length  consumed  a 
significant  proportion  of  juvenile  fish  (Meyer  et  al.  1981).  Both  these 
results  agree  with  the  Information  obtained  In  this  study. 


» 
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TABLK  21 


PREY  1AXA  COHPOSITIOMt  JOVBMILB  OOHO  SALNOM  IM  OOMMENCBNENT  BAY^*) 


Sample  Period/Prey 

Pish  Lencth  Interval 
<50  am  51-100  mm  >100  am 

April  1980 

n  -  2 

n 

-  5 

Brachyuran  zoea 

20 

(75.0%) 

35 

(29.9%) 

Juvenile  fish 

5 

(18.5%) 

69 

(58.9%) 

Cumacea 

1 

(3.7%) 

Mysldacea 

1 

(3.7%) 

3 

(2.5%) 

Gasuaaridea 

5 

(4.3%) 

Xsopoda 

2 

(1.7%) 

Dlptera 

1 

(0.8%) 

Cyclppoida 

1 

(0.8%) 

Aranea 

1 

(0.8%) 

May  1980 

n 

-  1 

n 

-  1 

Brachyuran  zoea 

52 

(92.8%) 

Balanonorpha  cyprids 

4 

(7.2%) 

Boqaamiarua  confervlcolus 

2 

(100%) 

(a)  Data  based  on  total  number  and  percent  contribution  of  beacb  seine 
catch  in  1980  (all  stations  pooled). 


3.4.3  Pink 


A  total  of  46  juvenile  pink  salmon  frcm  4  sas^ling  periods  (March, 
April,  Na> ,  June)  was  analyzed  for  stomach  contents  (Table  22)..  Plnlc 
salmon  collected  during  Narcb,  April,  and  May  contained  bazpacticoid 
copepods  in  the  greatest  abundance  (100,  94,  and  92  percent,  respectively). 
Other  epibenthic  organisms  identified  in  the  April  collection  included 
gammarid  amphipods  (2  percent  by  abundance),  mysids  (1  percent),  and 
cumaceans,  barnacle  cyprids,  ostracods,  and  tanaids  (all  less  than  1 
percent).  Merltic  organisms  such  as  brachyuran  soea,  calanoid  copepods, 
hyperiid  amphipods,  and  crustacean  and  drift  insect  larvae  accounted  for 
only  0.9  percent  of  the  total  nwber  of  prey  items. 

Pink  salmon  eollsctsd  during  May  contained  harpacticoid  copepods 
in  the  highest  abundance  (92  percent).  Dlptsrans  and  calanoid  copepods 
were  the  next  most  abundant  prey  items  at  3  percent  and  2.9  percent, 
respectively.  The  remainder  of  the  prey  items  «Mro  primarily  epibenthic 
organisms  consisting  of  the  earns  taxa  identified  in  the  April  collection. 
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TABLE  22 


PBEY  TAXA  OOMPOSmOMi  JOVENILE  PXIOC  SALMON  IM  COMMBNCBfBNT  BAy<*) 


Sanple  Perlod/Prey 

Fish  Iiength  Interval 
<50  an  51-100  an  >100  am 

March  1960 

n 

“  .2 

Harpactlcoida 

32 

(100.0%) 

April  1980 

n 

-  31 

Harpactlcoida 

987 

(94.1%) 

Ganunarldea 

13 

(1.2%) 

Mysldacea 

12 

(1.1%) 

Corophium  sp. 

9 

(0.8%) 

Cunacea 

8 

(0.7%) 

Balanonorpha  cyprida 

4 

(0.4%) 

Myodocopa 

4 

(0.4%) 

Brachyuran  zoea 

3 

(0.3%) 

Calanoida 

2 

(0.2%) 

Tanaidacea 

2 

(0.2%) 

Hyperlldea 

2 

(0.2%) 

Crustacea  larvae 

1 

(0.1%) 

Insect  larvae 

1 

(0.1%) 

May  1980 

n 

-  12 

Harpactlcoida 

956 

(92.4%) 

Dii>tera 

31 

(3.0%) 

Calanoida 

30 

(2.9%) 

Ganmaridea 

3 

(0.3%) 

Conella  sp. 

3 

(0.3%) 

Nysidaceda 

3 

(0.3%) 

Corophium  sp« 

2 

(0.2%) 

Bra<^yuran  zoea 

2 

(0.2%) 

Insect  larvae 

2 

(0.2%) 

Neballa  puqettensis 

1 

(0.1%) 

Balanonorpha  cyprids 

1 

(0.1%) 

June  1980 

n 

-  1 

Calanoida 

48 

(59.2%) 

Dipt era 

30 

(37.0%) 

Mysldacea 

2 

(2.5%) 

Gamaiaridea 

1 

(1.2%) 

(a)  Data  based  on  total 

number  and  percent  contribution  of  beach  seine 

catch  in  1980  (all 

stations  pooled). 
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All  pinks  collected  during  Nsrehf  April,  and  May  were  less  than 
50  SB  In  length.  The  June  collection,  however,  contained  1  pink  greater 
than  50  on  and  Its  prey  spectzw  differed  considerably  frcai  the  ■nailer 
pinks  collected  earlier  In  the  season.  Calanold  oop^iods  and  dlpterans 
cosqprlaed  the  bulk  of  the  prey  Iteas  (96  percent).  Bplbenthlc  organisas 
(myslds  and  gasunarid  aaphlpods)  sede  up  the  reaalning  4  percent. 

The  results  obtained  for  juvenile  pink  salaon  froa  Cosnencsawnt  Bay 
agree  with  those  reported  by  Fresh  et  al.  (1979)  for  Mlsgually  Reach. 
Harpacticold  copepods  were  aost  laportant  as  prey  Items  during  the 
early  period  of  pink  salaon  outmigration  with  decreasing  is^rtance  as 
the  season  progressed.  Calanold  copepods  and  crustacean  larvae  were  aK>st 
Important  later  In  the  season  as  fish  grew  larger  and  moved  offs))ore  to 
feed  (Fresh  et  al.  1979). 

One  reason  harpacticold  copepods  are  so  predoadnant  as  prey  items  In 
the  samples  analyzed  la  that  the  samples  were  collected  by  beac^  seining. 
Flab  cau^t  had  probably  been  feeding  in  nearshore  Intertidal  regions 
of  the  study  area  idiere  harpacticold  copepods  numerically  dominate.  Fresh 
et  al.  (1979)  showed  that  significant  differences  existed  between  pray 
spectra  of  beach  seine  versos  purse  seine  cau^t  pink  salmon.  Beach  seine 
cau^t  fish  contained  primarily  harpacticold  copepods  and  other  epibenthlc 
organisms  idille  purse  seine  caught  fish  contained  primarily  nerltlc 
organisms  such  as  calanold  copepods. 

Miller  et  al.  (1980)  classified  juvenile  pink  salmon  as  obligate 
planktlvores  based  on  results  obtained  In  the  Strait  of  Juan  de  Fuca. 

Pink  salmon  were  characteristically  caught  In  townet  collections  and 
prey  Itssw  were  generally  nerltlc  organisas.  The  lack  of  liarpactleold 
copepods  in  the  diet  of  pink  salaon  from  the  Strait  of  Juan  de  Fuca  may 
reflect  a  shift  to  offshore  feeding  In  thm  surface  layer  of  water  slnoe 
harpacticolds  were  found  to  be  abundant  In  the  habitats  sampled. 

A  cosfparlson  of  prey  Items  from  juvenile  pink  salaon  collected 
at  outer  bay  stations  versus  Inner  bay  stations  in  Coameneement  Bay 
(Table  23)  shows  that  nerltlc  organisms  coaqprlsed  a  larger  percent 
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TABLB  23 


PBBCSMT  CnimilBUTION  OF  EPIBEMTHIC  MID  imiTZC  PUF  XTBN8 
TO  DXBT  OP  JOVBMXLB  PltOC  8AUI0H  AT  XMIIBR  VS.  OOTBR  BAY  STATIONS 


Location  (Stations) 

Frey  Itsms 

Percent  (Xmtrlbutlon 

Inner  Bay  (1,  2,  3,  6,  7,  8) 

Bplbenthlc 

99.1 

Nerltlc 

0.9 

Outer  Bay  (4,  5) 

Bplbenthlc 

75.5 

Nerltlc 

24.5 

contribution  at  outer  bay  stations.  An  explanation  for  this  Is  that 
nerltlc  prey  Itesis  (calanoid  copapoda,  crustacean  larvae,  terrestrial 
Insects)  may  be  more  abundant  at  outer  bay  sites  because  of  the  steeper 
Intertidal  gradients  jtresent. 

3.4.4  Chum 


A  total  of  51  juvenile  chum  salmon  from  three  saaqpllng  periods 
(April,  May,  June)  was  analyzed.  Prey  Items  for  chum  collected  during 
April  and  May  were  primarily  harpactlcold  oopepods  and  gammarld  as^hlpods 
(Table  24).  Fish  of  two  size  classes  (<50  mm,  51-100  am)  were  present 
during  these  months  and  the  larger  size  class  showed  an  Increased  percent¬ 
age  of  gammarld  amphlpods  In  their  diet  (27  percent  total  vs.  3  percent 
total).  Drift  Insects  and  their  larvae  comprised  about  17  percent  of  the 
total  organisms  consumed  during  April  and  May  while  nerltlc  organisms 
such  as  calanoid  copepods  and  crustacean  larvae  were  present  In  very 
small  numbers. 

The  June  sosple  of  juvenile  dium  contained  only  fish  in  the  51-100  wm 
size  class.  Harpactlcold  copepods,  gammarld  amphlpods,  and  ^fsids 
comprised  about  48  percent  of  the  total  prey  itsms.  Drift  Insects  and 
their  larvae  made  up  approximately  30  percent  of  the  total  and  calanoid 
cop^oda  and  crustacean  larvae  accounted  for  the  remaining  22  percent. 
Apparently,  as  the  outadgratlon  season  progresses  and  fish  size  Increaaaa, 
dhum  salmon  tend  to  feed  more  in  open  waters  and  less  In  nearshore  areas 
as  ibown  by  ths  Increase  In  percentage  of  nerltlc  prey  Items  and  decrease 
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TABLK  24 


PREY  TAXA  COMPOSITION  t  JUVENILE  CHtM  SALMON  »  OISNCmEMT  BJUft*) 


_ yi«h  L»nqth  Infrval _ 

Sample  Perlo<I/Prey  <50  —  SI-100  —  >100  — 


April  1980 

n 

-  23 

n 

-  1 

Harpacticolda 

1,108 

(94.8%) 

109 

(99.1%) 

Diptera 

28 

(2.4%) 

Gammarldea 

9 

(0.7%) 

Brachyuran  xoea 

6 

(0.5%) 

1 

(0.9%) 

Insecta 

5 

(0.4%) 

Insect  larvae 

4 

(0.3%) 

Mysldacea 

2 

(0.2%) 

Aranea 

2 

(0.2%) 

Copepoda  nauplll 

1 

(0.1%) 

Cumaoea 

1 

(0.1%) 

Anatanala  noxmanl 

1 

(0.1%) 

Calanolda 

1 

(0.1%) 

May  1980 

n 

-  21 

n 

-  2 

Harpacticolda 

1,283 

(87.3%) 

26 

(22.6%) 

Olptera 

60 

(4.1%) 

10 

(8.7%) 

Gammarldea 

43 

(2.9%) 

32 

(27.8%) 

Calanolda 

41 

(2.8%) 

16 

(13.9%) 

Insect  larvae 

10 

(0  7%) 

18 

(15.6%) 

Mysldacea 

9 

(0.6%) 

Corophium  sp. 

8 

(0.5%) 

Eoqammarus  confervlcolus 

6 

(0.4%) 

Insecta 

3 

(0.2%) 

Cumaoea 

3 

(0.2%) 

1 

(0.8%) 

Balanonorpha  cyprlds 

1 

(0.06%) 

Formlcldae 

1 

(0.06%) 

Aranea 

1 

(0.06%) 

Fish  eggs 

4 

(3.4%) 

Brachyuran  zoea 

1 

(0.8%) 

Aiqpharetldae 

7 

(6.1%) 

June  1980 

n 

-  4 

Harpacticolda 

55 

(31.2%) 

Olptera 

50 

(28.4%) 

Calanolda 

28 

(15.9%) 

Gammarldea 

25 

(14.2%) 

Brachyuran  zoea 

11 

(6.2%) 

Mysldacea 

4 

(2.3%) 

Insect  larvae 

3 

(1.7%) 

(a)  Data  based  on  total  number  and  percent  contribution  of  beach  seine 
catch  In  1980  (all  stations  pooled). 


in  percentage  of  qplbenthic  prey  Itens.  Similar  resulta  were  obtained  by 
Meyer  et  al.  (1981)  in  the  Ouwaadsh  River  estuary/  Siawnstad  et  al. 

(1960)  in  Hood  Canal,  and  Meyer  et  al.  (unpublished)  in  Ccamenaement  Bay. 

Miller  et  al.  (1980)  classified  juvenile  chum  salmon  as  obligate 
eplbenthlc  planktlvores  in  the  Strait  of  Juan  de  Fuca.  Principal  prey 
items  Identified  included  harpacticoid  copepods,  gammarid  an^hipods, 
isopods,  mysids,  cumaceans,  shrla^,  and  calanoid  copepods  (Miller  et  al. 
1980). 


A  comparison  of  prey  items  talcen  at  inner  bay  stations  (1,  2,  3,  6, 
7,  8)  versus  outer  bay  stations  (4,  5)  revealed  that  neritic  prey  items 
(calanoid  copepods,  insects,  crustacean  larvae)  contributed  a  hi^er 
percentage  of  total  abundance  at  outer  bay  stations  than  at  inner  bi^ 
stations  (Table  25).  Samples  %«ere  collected  by  beach  seine  at  all  sites, 
and  the  differences  observed  can  be  e^qplained  by  the  steeper  Intertidal 
gradients  at  the  outer  bay  stations  resulting  in  greater  availability  of 
neritic  prey. 


TABLE  25 


PERCENT  CONTRIBUTION  OF  EPIBENTHIC  AND  NERITIC  PREY  ITBIS 
TO  DIET  OF  JOVENIIf  CHUM  SALMON  AT  INNER  VS.  OUTER  BAY  STATIONS 


Location 

(Stations) 

Prey  Items 

Percent  contribution 

Inner  Bay 

(2,  3,  Blair  Waterway) 

Eplbenthlc 

96.8 

Neritic 

3.2 

Outer  Bay 

(4,  5,  Point  Defiance- 

Eplbenthlc 

75.4 

Ruston) 

Neritic 

24.6 
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3.4.S  Sumary  of  Salaonld  Stonuich  Analy«l« 

The  results  obtained  froB  stoaaeh  content  analysis  of  juvenile 
salaonlds  show  that  ^Ibenthlc  organlsns  (harpactlcold  c<9epodSf  gamnarld 
aiq>hlpods,  cunaceans.  Isopods)  are  luportant  prey  Items  during  the 
residency  time  of  juvenile  salnonlds  within  ^e  study  area.  Harpactl¬ 
cold  copepods  dominated  the  prey  spectra  of  all  salmon  species  In  terms 
of  abundance.  This  should  not  be  taken  to  mean  that  harpactlcolds 
are  the  most  Important  prey  Items  since  biomass  estimates  of  harpactlcolds 
as  prey  Items  (Fresh  et  al.  1979*  Slmenstad  et  al.  1980,  Miller  et  al. 

1980,  Meyer  et  al.  1981)  Indicate  their  percent  contribution  to  the 
total  biomass  of  prey  is  much  less  than  their  percent  contribution 
to  total  abundance.  Other  eplbenthlc  organisms,  especially  gammarid 
amphlpods,  contribute  relatively  greater  percentages  to  the  total  biomass 
despite  being  numerically  less  abundant. 

Meyer  et  al.  (unpublished)  found  that  harpactlcold  copepods  were 
dostlnant  prey  Itesis  of  juvenile  chlnook  from  Commenoaitent  Bay  In  terms  of 
both  abundance  and  biomass.  Harpactlcold  copepods  were  consistently 
the  most  abundant  organisms  collected  In  the  eplbenthlc  pump  sanqples, 
especially  at  the  inner  bay  stations  (1,  2,  3,  6,  7,  8).  Their  numerical 
dominance  of  the  eplbenthlc  biota  probably  explains  udiy  th^  also  outnumber 
all  other  prey  Items  taken  by  juvenile  salmonids  and  in  some  oases  (Meyer 
et  al.  unpublished)  contribute  the  largest  percentage  of  the  blosuiss  of 
prey  Items. 

Another  possible  e]q>lanation  for  the  numrlcal  doodnanoe  of  harpactl¬ 
cold  copepods  In  the  fish  exaadned  Is  that  the  majority  of  these  fish 
were  small  (<50  mm).  Several  studies  (Fresh  et  al.  1979,  Slmenstad  et 
al.  1980,  Meyer  et  al.  1981)  have  shown  and  our  data  support  that  harpacti- 
colds  are  sore  important  as  food  Items  In  smaller  fish.  As  the  fish 
grows  It  begins  feeding  In  offidtore  areas  on  nerltlc  prey  rather  than  In 
nearshore.  Intertidal  habitats.  Bxasdnation  of  Tables  20,  21,  22,  and  24 
reveals  that  In  juvenile  salmonids  larger  than  50  mm  harpactlcold  copepods 
contribute  a  smaller  percentage  of  total  abundance  than  they  did  In  fish 
less  than  50  mm  In  length.  Other  prey  Items,  especially  nerltlc  organisms, 
are  taken  more  frequently  by  the  larger  fish. 
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3.5  MARIME  FISH  STOMACH  CONTENT  ANALYSIS 


Of  the  46  fish  stooiachs  examined,  10  (21  percent)  had  enq^ty  stomachs, 
resulting  In  a  sample  size  of  36  fish.  This  number  Is  not  large  enou^ 
to  allow  ccmprehenslve,  quantitative  results  for  pr^  Items  of  resident 
marine  fish  In  the  study  area.  However,  the  data  do  lend  Insist  Into 
feeding  patterns  within  the  study  area. 

The  flatfish  examined  (starry  flounder,  English  sole,  rock  sole,  and 
flathead  sole)  showed  a  strong  preference  for  benthic  Invertebrates  as 
prey  Items  (Tables  26  throuq^  29).  Polychaetous  worms,  bivalves,  and 
gammarld  amphlpods  were  the  most  abundant  prey  Items  taken.  The  data 
agree  well  with  results  presented  by  Miller  et  al.  (1980)  who  classified 
these  fish  as  faculatlve  benthlvores;  organisms  having  a  prey  spectrum 
Including  both  benthic  and  eplbenthlc  species.  Prey  con^sltlon  was 
quite  variable  both  within  and  between  species  and  the  percentage  occur¬ 
rence  values  were  affected  by  this  In  several  samples.  For  Instance, 
English  sole  collected  during  spring  1981  (Table  27)  s)x>wed  that  75  percent 
of  the  prey  Items  of  the  four  fish  with  material  In  their  stomachs 
were  ollgochaetes,  while  actually  all  the  ollgochaetes  were  In  the 
stomach  of  one  fish.  The  same  can  be  said  for  the  high  percentage  of 
Corophlum  In  rock  sole  stomachs  from  spring  1981  (Table  26);  all  these 
organisms  were  In  the  stomach  of  one  fish.  Some  variation  In  dominant 
prey  species  taken  with  time  would  Ije  expected  to  occur  as  the  prey 
species  present  fluctuate  In  abundance  and  distribution  (Miller  et  al. 
1980).  However,  this  variation  would  probably  be  within  taxonomic  groups 
and  those  that  are  Important  In  the  fish  sampled  ( polychaetes ,  bivalves, 
gammarld  amphlpods)  should  continue  to  Ise  heavily  exploited  over  time. 

Rock  sole  collected  during  fall  1980  allowed  a  large  percentage  of 
polychaetes  as  food  Items  (Table  26)  while  spring  1981  samples  show  a 
shift  to  eplbenthlc  Crustacea,  especially  the  gammarld  amphlpod  Corophlum. 
Fresh  et  al.  (1980)  retort  a  slatllar  shift  In  rock  sole  diet  from  September 
to  November  samples.  Sobm  of  the  shift  In  prey  Iteias  can  be  eiqplalnad  by 
noting  that  qi>lbenthlc  crustaeans  are  more  abundant  at  Stations  1  and  7 
where  spring  1981  collections  were  made. 
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TABLE  26 


PREY  ITBMS  OF  RDCX  SOLE  COLLECTED  IM  COMMBNCBIBNT  BAY 
DORIMG  FALL  1980  AHD  SPRIH6  1981  (POOLED  VALDES) 


FALL  1980 

Speclea  (number): 

Mean  length  (range): 
Stations : 

Prey  Item 

Roclc  sole  (3) 

134  mm  (124-143  mm) 

3,  4 

Total  Hvnber 

%  Occurrence 

Polychaeta  unid. 

8 

30.7 

Armandia  brevis 

3 

11.5 

Capitella  capltata 

1 

3.8 

Lumbrineris  ap. 

2 

7.6 

Phyllodocldae 

1 

3.8 

Prlonosplo  steenstrupi  2 

7.6 

Splonldae 

1 

3.8 

Cancer  ap. 

5 

19.2 

Brachyura  unld. 

3 

11.5 

SPRING  1981 

Speclea  (number): 

Roclc  sole  (5)'*' 

Mean  length  (range): 

114  mm  (85-163  mm) 

Stations : 

1,  5,  7 

Prey  Item 

Total  Number 

%  Occurrence 

Armandia  brevis 

1 

0.8 

Capitella  capltata 

3 

2.4 

Etone  longa 

1 

0.8 

Mereldae 

1 

0.8 

Blvalvla  unld. 

2 

1.6 

Bivalve  siphons 

8 

6.8 

Balanooorpha  cyprlds  1 

0.8 

Harpactlcolda 

1 

0.8 

I.eptochelia  savlgnyi 
Gnorimoaphaeroma  oregonenaia 
Corophipin  ap. 


2 

1 

96 


1.6 

0.8 

82.0 


(a)  Two  flah  had  eaipty  atonacha 


TABLE  27 


PREY  ITEMS  OF  ENGLISH  SOLE  COLLECTED  IN  OOMNEMCBiENT  BAY 
DURING  FALL  1980  AMD  SPRING  1981  (POOLED  VALUES) 


FALL  1980 

Species  (number):  English  sole  (10)(*) 

Mean  length  (range):  177  mm  (115-236  m) 

Stations:  1,  3,  4,  6,  7 

Prey  Item  Total  NuaA>er 

%  Occurrence 

Polychaeta  unld. 

21 

9.1 

Ampharetldae 

6 

2.6 

Armandla  brevis 

48 

20.9 

Capltella  capltata 

42 

18.3 

Cossura  soyerl 

32 

1.3 

Clrratulldae 

16 

6.9 

Eteone  longa 

3 

1.3 

Glycera  sp. 

1 

0.4 

Maldanldae 

2 

0.8 

Polydora  sp. 

1 

0.4 

Prlonosplo  sp. 

1 

0.4 

Prlonosplo  steenstrupl 

4 

1.7 

Splonldae 

1 

0.4 

Blvalvla  juv. 

22 

9.5 

Bivalve  siphons 

31 

13.4 

Ostracoda 

2 

0.8 

Harpactlcolda 

1 

0.4 

Lampropldae 

1 

0.4 

Leptochella  savl^yl 

1 

0.4 

Gammarldea  unld. 

3 

1.3 

Corophlum  sp. 

2 

0.8 

Hestwoodllla  caecula 

2 

0.8 

Cranqon  sp. 

15 

6.5 

Ophluroldea  juv. 

1 

0.4 

SPRING  1981 

Species  (number):  English  sole  (6)^") 

Mean  length  (range):  174  mm  (93- 

280  mm) 

Stations:  1,  3,  6 

Prey  Item 

Total  Number 

%  Occurrence 

Nemertea 

2 

0.8 

Polychaeta  unld. 

14 

5.9 

Armandla  brevis 

3 

1.2 

Capltella  capltata 

6 

2.5 

Clrratulldae 

1 

0.4 

Eteone  longa 

1 

0.4 

Platynereis  blcanallculata 

4 

1.6 

Prlonosplo  steenstrupl 

1 

0.4 

Ollgochaeta 

170 

72.0 

Leptochella  savl^yl 

28 

11.8 

Pseudotanals  oculatus 

2 

0.8 

Corophlum  sp. 

2 

0.8 

Upogebla  pugettensls 

1 

0.4 

Insect  larvae 

1 

0.4 

(a)  One  fish  had  an  eBg>ty  stomach 

• 

(b)  Two  fish  had  empty  stoswchs. 
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TABLE  28 


PREY  ITBIS  OF  STARRY  FLOOMDBR  OOLLBCTBD  IN  OOMMBNCBIBNT  BAY 
DURING  FALL  1980  AND  SPRING  1981  (POOLED  VALUES) 


FALL  1980 

Species  (number): 

Mean  Length  (range): 
Stations: 

Prey  Item 

Starry  Flounder  (2) 

218  mm  (191-245  mm) 

3,  6 

Total  Number 

%  Occurrence 

Bivalvia  juv.  (prob. 

•  Macoma  sp.)  6 

75.0 

Myodocopa 

1 

12.5 

GLvcinde  picta 

1 

12.5 

SPRING  1981 

Species  (number): 

Starry  Flounder  (5) 

Mean  length  (range): 

193  mm  (106-246  nmi) 

stations : 

6,  8 

Prey  Item 

Total  Number 

%  Occurrence 

Gammaridea  unid* 

13 

31.7 

Corophium  sp. 

6 

14.6 

Eocammarus  confervicolus  3 

7.3 

Bivalve  siphons 

11 

26.8 

Capitella  capitate 

4 

9.7 

Eteone  Longa 

1 

2.4 

Insect  larvae 

3 

7.3 

PREY  ITEMS 

DURING 

TABLE  29 

OF  FLATHEAD  SOLE  COLLECTED  IN  COMMENCEMENT 
FALL  1980  AND  SPRING  1981  (POOLED  VALUES) 

BAY 

FALL  1980 

Species  (number): 
Mean  length  ( range ) : 
Station: 

Fall  1980 

Prey  Item 

Flathead  Sole  (3)^^) 

162  mm  (155-167  on) 

3 

Total  Number  % 

Occurrence 

Crangon  sp. 

8 

100 

SPRING  1981 

Species  (number): 
Mean  length  (range): 
Station: 

Prey  Item 

Flathead  Sole  ( 1 ) 

230  an  (— ) 

Milwaukee  Naterway 

Total  Number  % 

Occurrence 

Crangon  sp. 

4 

100 

(a)  One  fish  had  an 

empty  stomach. 
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Polychaetous  vozaa  were  the  most  abundant  prey  Itaas  in  the  English 
sole  examined,  except  for  1  fish  from  spring  1980  that  contained  170 
oligochaetes  (Table  27).  English  sole  in  the  Nisgually  Reach  %iere  also 
found  to  contain  polychaetea  as  the  dominant  prey  item  (Fresh  et  al.  1980). 

Bivalves,  bivalve  siphons,  and  gammarid  aophipods  conprised  the 
majority  of  prey  items  identified  in  starry  flounder  (Table  28).  Fresh 
et  al.  (1980)  found  a  similar  composition  of  prey  items  in  starry  flounder 
from  Nisqually  Reach.  The  small  number  of  specimens  collected  prevents  a 
quantitative  comparison  between  sample  periods;  however,  it  appears  that 
eplbenthic  Crustacea  became  more  important  as  prey  items  during  the 
spring,  %rtiile  benthic  organisms  were  most  Inportant  during  the  fall. 
Seasonal  fluctuations  in  abundance  of  eplbenthic  crastacea  (hi^  in 
spring-summer,  low  in  fall-winter)  probably  contribute  to  the  observed 
shift  in  prey  items. 

Pacific  tomcod,  Microgadus  proximus,  )uive  been  classified  as  obligate 
eplbenthic  planktlvores  (Miller  et  al.  1980),  feeding  exclusively 
on  eplbenthic  organisms.  Fresh  et  al.  (1980)  obtained  results  showing 
that  tcmcod  in  the  Misqually  Reach  area  of  south  Puget  Sound  had  prey 
spectra  composed  primarily  of  eplbenthic  organisms.  Prey  items  identified 
in  tomcod  collected  within  the  study  area  (Table  30)  are  primarily 
eplbenthic,  consisting  mainly  of  ostracods  (>60  percent)  and  crangonid 
and  hippolytld  shrimp  020  percent).  The  number  of  tomcod  analyzed 
(6)  was  too  low  to  make  quantitative  comparisons  between  sample  periods; 
however,  Hiller  et  al.  (1980)  reported  considerable  annual  and  between- 
habitat  variability  in  prey  coeqmsitlon  of  tomcod  from  the  Strait  of  Juan 
de  Fuca.  The  prey  ^ectrum  of  tomcod  is  probably  Influenced  by  the  makeup 
of  the  eplbenthic  biota  in  any  particular  habitat. 

The  Pacific  herring,  Clupea  harangue  pallasi,  is  an  obligate  plankti- 
vore  (Miller  et  al.  1980)  feeding  exclusively  on  nerltlc  organisms  within 
the  water  column.  Of  the  five  specimens  collected  in  the  study  area, 
four  had  empty  stomachs  and  the  fifth  contained  one  cyclopoid  copepod 
(Table  31).  The  small  sample  size  and  lack  of  prey  items  in  the  stomachs 
preclude  an  analysis  of  prey  items  within  the  study  area. 
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TABU  30 


BREX  ITEMS  OF  PACIFIC  TOMCOO  COLUCTED  IN  CONMENCEHENT  BAX 
DURING  FALL  1980  AND  SPRING  1981  (POOLED  VALUES) 


FALL  1980 

Species  (number): 

Mean  length  (range): 
Stations : 

Prey  Item 

Pacific  Tomcod  (5) 

124  mm  (88-195  mm) 

1,  2,  3 

Total  Number 

%  Occurrence 

Myodooopa 

27 

61.3 

Cran^n  sp. 

11 

25.0 

Hlppolytldae 

2 

4.5 

Cancer  sp. 

2 

4.5 

Car idea  unid. 

2 

4.5 

SPRING  1981 

Species  (number): 

Pacific  Tomcod  ( 1 ) 

Mean  length  (range): 

83  mm  ( — ) 

stations: 

Between  Blair  and  I^lebos  Waterway 

Prey  item 

Total  Number 

%  Occurrence 

Podocopa 

81 

67.5 

Calanoida 

30 

25.0 

Balancmorpha  cyprids  4 

3.3 

Crangonidae 

5 

4.1 

PREX  ITEMS 

TABU  31 

OF  PACIFIC  HERRING  COLLECTED  IN  CONMBNCBIENT  BAX 

DURING  FALL  1980  (POOLED  VALUES) 

FALL  1980 

Species  (number): 

Pacific  Herring  (5)(*) 

Mean  length  (range) 

:  83  mm  (69-100  umt) 

Stations : 

Blair  Waterway,  Milwaukee  Waterway 

Prey  Item 

Total  Number 

%  Occurrence 

Corycaeus  sp. 

1 

100 

(a)  Four  fish  had  esgtty  stomachs. 
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3.6  OlSTRIBUTKm  OF  FINFISH  FOOD  SPECIES,  HABITAT  TYPE, 
AND  OCCURBENCE  OF  FINFISH  SPECIES 

3.6.1  Juvenile  Salmon 


Harpactlcold  cc^epods  were  the  most  abundant  prey  item  taken  by 
all  juvenile  salmon  species  (except  coho)  and  were  also  very  abundant  in, 
and  often  the  dominant  component  of,  nearshore  habitats  sanqpled  1:^ 
epibenthic  pump  (0.25-mm  fraction).  Harpacticoids  were  present  at 
virtually  every  station  (Tables  13-14),  but  were  most  abundant  at  subtidal 
stations  of  Transects  5  (June  and  August),  6  (April),  7  (April),  and  8 
(April,  June,  and  August)  and  intertidally  at  Transects  5  and  8  in  April. 
These  stations  have  fairly  similar  subtidal  bottom  types,  sandy  muds  with 
a  large  amount  of  organic  debris  forming  a  surface  layer  (Table  3). 

Though  the  Intertidal  stations  of  Transects  5  and  8  were  primarily  sandy 
they  still  contained  large  amounts  of  organic  debris  on  the  surface. 

Since  harpacticoids  oonsime  detritus  and/or  its  associated  bacterial 
flora  for  food,  it  is  not  surprising  to  find  the  hipest  densities  of 
harpacticoids  in  the  study  area  in  h2kbitats  containing  large  amounts  of 
organic  debris. 

Juvenile  salmonids  from  all  traitsects  contained  harpacticoids} 
however,  the  highest  mean  values  of  harpacticoids  u  prey  items  in 
juvenile  chum,  chinook,  and  pink  salmon  occurred  at  Transects  2,  3,  and 
4.  Other  transects  where  harpacticoids  were  consumed  in  abundance  by 
individual  species  were  Transect  8  by  chinook  juveniles.  Transect  5  by 
chum  juveniles,  and  by  chum  at  a  Puyallup  Nation  beach  seine  site  off 
Ruston  Way  near  the  ASARCO,  Inc.  smelter.  It  is  interesting  to  note  that 
Transects  2,  3,  and  4  had  the  most  feeding  on  harpacticoids  by  salmonids 
while  Transects  5,  6,  7,  and  8  had  the  highest  densities  of  harpacticoids. 

The  nearshore  sediments  in  the  study  area  are  generally  classified 
as  sandy  silts  and  silty  sands  (see  Sediment  Studies  Technical  Report) 
with  Transects  1  through  7  characterised  by  the  former  type.  Transect  8, 
the  Puyallup  River  mouth,  contains  a  mixture  of  sands  and  silts  distributed 
in  random  patches.  The  waterways  that  receive  regular  maintenance 
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dredging  would  tend  to  have  basically  sandy  bottoms  with  silty  layers 
accumulating  between  dredging. events.  Waterways  not  regularly  dredged 
and  with  low  flushing  rates  could  be  eicpected  to  have  greater  accumulations 
of  silty  material.  Based  on  this,  it  is  likely  that  soft  bottom  habitats 
with  organic  debris  surface  layers,  such  as  those  found  at  Transects  5 
through  8,  are  found  elsewhere  in  the  study  area  in  nearshore  regions  not 
subject  to  regular  channel  dredging,  flushing  by  tides  and  currents,  or 
scouring  by  wave  activity.  These  areas  could  also  be  predicted  to  have 
correspondingly  hi^  densities  of  harpacticoid  copepods. 

Gammarid  amphipods,  especially  Corophium  spp* ,  were  a  common  prey 
item  of  juvenile  salmonlds  in  the  study  area.  While  not  consumed  in  the 
numbers  that  harpacticoid  copepods  were,  their  significantly  larger 
biomass  compared  to  harpacticoids  nudces  them  a  prey  item  of  major  importance. 
Gammarid  amphipods  were  collected  at  all  transects  although  they  were 
most  abundant  in  a  pattern  similar  to  harpacticoids;  subtldal  stations  at 
Transects  5  through  8.  Gammarids  were  also  very  abundant  and  showed  the 
greatest  species  diversity  at  Transect  4.  Gammarid  amphipods  occupy  a 
number  of  different  trophic  levels  including  detritlvores,  herbivores  on 
macroalgae,  carnivores,  suspension  feeders,  and  commensals  (Slamnstad  et 
al.  1979).  Preferred  habitat  type  thus  varies  by  a  species'  trophic 
level  and  food  source.  The  majority  of  gammarid  species  collected  in  the 
study  area  are  clar.'sified  as  detritlvores,  so  habitats  favorable  to 
harpacticoid  copepods  (soft  bottoms  with  lots  of  organic  debris)  mi^t 
also  be  favorable  to  detritivorous  gammarid  amphipods. 

Stomach  content  analysis  results  showed  considerable  variation 
between  pink,  chum,  and  Chinook  salmon  in  terms  of  the  number  of  gammarid 
anphipods  consumed.  Generally,  juvenile  chum  and  chlnoOk  contained  more 
gammarids  than  did  pinks.  Transects,  3,  4,  5,  and  7  were  the  locations 
where  gammarids  were  most  abundant  in  the  fish  examined. 

Calanoid  copepods  and  drifting,  terrestrial  Insects  were  also  major 
prey  items  taken  by  juvenile  salmonlds.  Calanoid  copepods  were  collected 
at  all  epibenthic  pun^  stations  and  were  generally  most  abundant  in  kpril 
and  June.  Transects  along  Hylebos  Waterway  to  Browns  Point  (1  through  4) 
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and  Conunencement  Park  (5)  had  hi^er  nean  densities  of  calanoid  copepods 
at  both  intertidal  and  subtidal  stations  than  did  the  other  transects 
(6,  7,  and  8).  Calanoid  cope^ds  are  neritic  organisow  and  should  be 
thought  of  as  components  of  the  water  column  rather  than  any  particular 
bottom  type.  Higher  densities  at  Transects  3,  4,  and  5  are  probably 
related  to  steeper  gradients  or  nearby  deeper  water  at  these  staticms 
compared  to  Transects  6,  7«  and  to  some  degree  8.  Drift  insects  enter 
Commencement  Bay  from  many  sources.  They  may  be  washed  in  from  the 
creeks  flowing  into  the  bay  or  by  the  Puyallup  River.  They  can  be 
windblown  from  upland  areas  or  nearshore  terrestrial  vegetation  and 
deposited  on  the  water  surface. 

Both  calanoid  copepods  and  drift  insects  were  taken  in  increasing 
numbers  by  juvenile  salmon  collected  at  transects  with  nearby  deep  water 
such  as  Transects  3,  4,  and  5.  Based  on  the  suspected  pattern  of  out¬ 
migration  through  the  study  area  (see  Fish  Studies  Technical  Report), 
juvenile  salmon  would  reach  these  areas  toward  the  end  of  their  residency 
after  spending  an  initial  time  period  within  the  waterways.  They  would 
have  grown  during  this  time  and  might  be  at  the  stage  in  their  develoipment 
when  the  shift  to  feeding  on  neritic  prey  occurs.  Thus,  the  observed 
shift  to  calanoid  copepods,  drift  insects,  and  other  neritic  prey  may  be 
more  related  to  the  developmental  stage  of  the  predator  rather  than  prey 
availability.  As  an  example,  calanoid  copepods  were  abundant  at  Transects 
1  and  2,  both  intertidally  and  subtidally,  during  April  and  June  but  did 
not  occur  as  prey  items  in  the  stomachs  of  juvenile  salmonids  from  these 
areas.  The  primary  prey  itesis  were  harpacticoid  copepods,  indicating  the 
fish  were  still  bottom  oriented  in  their  feeding  behavior. 

Before  a  correlation  can  be  made  between  the  distributions  of 
juvenile  salmonids  and  their  prey  items,  some  limitations  of  the  data 
base  must  be  discussed,  it  was  not  possible  to  obtain  stomach  sauries 
from  all  nearshore  areas  visited  by  outmigrating  juvenile  salmonids. 

The  fish  selected  for  stomach  content  analysis  were  usually  those 
collected  near  an  Invertebrate  transect  and  one  or  more  of  the  salmon 
species  present  in  the  study  area  were  often  not  collected  at  that 
transect.  This  necessitated  pooling  the  data  by  species  to  give  a 
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representative  saiqple  for  ea^  salnonld  species*  Also,  the  assuB|>tlon 
was  made  that  the  fish  had  been  feeding  in  the  area  where  they  were 
collected  and  had  not  just  recently  arrived  frcn  somewhere  else.  Finally, 
epibenthic  prey  items  are  not  stationary.  They  are  mobile  and  move 
vertically  and  horizontally  through  nearshore  areas  in  response  to 
physical  and  biological  factors. 

Catch  per  unit  effort  (cpue)  statistics  for  juvenile  Chinook  salmon 
were  relatively  high  at  all  beach  seine  stations  during  May  and  June  but 
were  hipest  at  the  mouth  of  the  Puyallup  River  (see  Fish  studies  Technical 
Report).  Juvenile  pink  cpue  was  hipest  at  beach  seine  Stations  2,  4,  S, 
auid  8  during  April.  Juvenile  chum  cpue  was  hipest  at  beach  seine 
Stations  2  and  4  in  April  and  Stations  4  and  6  in  June.  These  cpue  data 
agree  sonewhat  with  the  abundance  data  for  harpacticold  copepods. 
Harpacticoids  were  most  abundant  at  invertebrate  Transects  5  throu^  8 
and  less  abundant,  althou^  still  dominant  overall,  at  Transects  1 
through  4.  Puyallup  Tribal  Fisheries  Division  beach  seine  data  for  1980 
(unpublished)  showed  higher  overall  qpue  values  for  chinocA  salann  in 
City  Waterway  than  in  H^lebos  Waterway.  These  results  show  a  good 
apparent  correlation  between  prey  item  distribution  (harpacticoids)  and 
juvenile  salmonid  distribution. 

Since  harpacticold  copepods  were  numerically  dominant  at  most 
stations  sampled  and  also  were  the  most  abundant  prey  item  taken  by 
juvenile  salraonlds,  it  is  obvious  that  they  are  an  is^rtant  couqoonent  of 
nearshore  epibenthic  communities.  Soft  mud  habitats  with  an  organic 
debris  surface  layer  that  support  harpacticold  populations  are  probably 
important  feeding  areas  for  juvenile  salmonids  during  their  early  period 
of  outmigration  through  the  study  area.  As  the  juvenile  salmonids  grow 
and  move  to  outer  bay  regions,  neritic  prey  Itaaw  become  more  isqportant. 

3.6.2  Marine  Fish 


Prey  items  taken  by  flatfish  (Tables  26-29)  were  primarily  benthic, 
infaunal  organisms  although  epibenthic  crustaceans  were  also  consumed. 
The  infaunal  species  taken  were  primarily  polychaetes  and  bivalves. 
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Stooach  contents  and  prey  qpecies  present  at  a  particular  site  agreed 
fairly  well  altbou^^  the  percentage  taken  was  often  different  froei  that 
prey  pedes'  percent  occurrence.  Indicating  feeding  selectivity  the 
fish.  Miller  et  al.  (1980)  reported  high  between-.habltat  varlablll^  In 
the  diet  of  juvenile  English  sole  In  the  strait  of  Juan  de  Fuca  and 
concluded  that  althou^  a  few  prmy  taxa  nay  be  ia^rtant  to  the  diet 
of  a  species,  the  proportional  contributions  among  the  prey  taxa  vary 
considerably  between  habitats. 

English  sole,  rock  sole,  and  flathead  sole  mre  slightly  more 
abundant  In  the  waterways  than  along  the  outer  bay  shoreline.  These 
waterways  have  also  been  shown  to  contain  populations  of  the  prey  Itesm 
preferred  by  these  fish.  However,  since  these  fish  species  are  somewhat 
opportunistic  In  terms  of  foraging  strategy.  It  Is  difficult  to  draw 
comparisons  between  their  abundance  patterns  and  those  of  their  prey 
species.  The  nearshore  regions  of  the  study  area  are  definitely  used  for 
feeding  by  marine  fish  but  more  Information  needs  to  be  gathered  to 
determine  the  li^>ortance  of  specific  prey  Items  on  a  seasonal  and 
between-habltat  basis. 
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4.0  CCaiCLPSIOHS 


A  nuDb«r  of  conclusions  about  the  invertebrate  on—untties  In 
CoBBMncsswnt  Bay  can  be  made  based  on  the  results  of  this  study. 

1.  Recreational  fishing  for  shrimp  and  crab  is  widespread  in  the 
study  area,  although  data  on  shellfish  populations  and  catch 
statistics  are  generally  lacking.  CoasMrcial  fishing  for  shriap 
and  crab  does  not  occur  within  the  study  area. 

2.  Approximately  229  taxa  were  identified  in  the  study  area.  The 
species  present  have  also  been  reported  from  other  areas  of 
central  and  southern  Puget  sound,  one  harpacticoid  species  was 
Identified  that  had  not  been  found  in  other  areas  of  Puget  Sound. 

3.  Transects  saapled  show  a  general  trend  of  increasing  species 
diversity,  abundance,  and  richness  values  with  Increasing  depth. 

4.  Seasonal  effects  in  specim  diversity,  abundance,  and  richness 
were  observed  in  the  epibenthic  populations  but  were  absent  in 
the  infaunal  populations. 

5.  Infaunal  stations  form  groups  mainly  by  depth  level  while 
epibenthic  stations  show  no  obvious  pattern  of  station  grouping 
by  depth. 

6.  Juvenile  salnonids  feed  extensively  on  epibenthic  crustaceans 
(especially  harpacticoid  copepods)  in  nearshore  environments 
during  their  period  of  outmigration  throu^  the  study  area.  A 
shift  to  neritic  organisms  is  seen  in  larger  fish  at  outer  bay 
collection  sites. 

7.  Marine  fish  feed  on  a  wide  variety  of  benthic,  infaunal  inverte¬ 
brates  in  the  study  area.  A  strong  correlation  was  observed 
between  stomach  contents  of  a  fish  from  a  particular  station  and 
the  Infaunal  organisms  present  at  that  station. 
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8.  A  positive  correlation  exists  between  haipacticoid  copepod 

distribution  and  hl^^  catch  values  of  juvenile  salsonids.  Soft 
mud  habitats  with  an  organic  debris  surface  layer  support  high 
densities  of  harpactlcoids  and  are  probably  Important  feeding 
areas  for  juvenile  salnonids. 
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